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ABSTRACT 
There exists disparity between the conceptualization and occurrence of 
Collaborative Decision Making (CDM) in everyday work activities of complex 
work settings. Current notions in the field of Computer Supported Cooperative 
Work (CSCW) based on studies of decision making in groups typically portray 
CDM as an isolated event in which multiple personnel jointly undertake 
decision making. In the real world, however, decisions are made during work 
performance and interlaced with other processes and activities. Moreover, the 
complex work setting is a cooperative arrangement in which decision making is 
distributed. This research aims to alleviate the disparity by investigating how 
people in a complex working environment make decisions collaboratively. The 
original contribution to knowledge made by this thesis is the theory of CDM as 
a process of managing interdependencies.  
Field-studies conducted in an airport to examine the way CDM is undertaken 
during Air Traffic Control operations inform theory development. The study 
takes a qualitative approach and is guided by Grounded Theory Methodology 
(GTM). The findings of this research indicate that undertaking decision making 
in the cooperative arrangement of complex work settings requires managing the 
distributions and interconnections inherent in this setup. In addition, 
participation and contribution of personnel in decision making is found to be 
structured by the dependencies between their activities. These findings form the 
central focus of the theory leading to the depiction of CDM as a process of 
managing interdependencies.  
The theory presented in this thesis clarifies and extends existing views by 
explicating the differentiated process of CDM in the cooperative arrangement 
of a complex work setting. Based on this a new definition of CDM is 
formulated. In addition, a conceptual framework of ten parameters is derived to 
serve as a tool for analysing CDM taking place in a particular work setting. 
Application of this framework is demonstrated by analysing an aircraft accident 
report to draw insights about the occurrence of CDM in this setting.  
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CHAPTER 1  
 
INTRODUCTION 
1.1. SYNOPSIS 
The basis of this thesis is that current conceptualizations of Collaborative 
Decision Making (CDM) in real world complex work settings are limited in 
their focus. There is a disparity between the existing and its occurrence in 
the cooperative work arrangement of the real world. Moreover, the fields of 
investigation typically address either the collaborative or decision making 
aspect of CDM. In particular, this is evident in Computer Supported 
Cooperative Work (CSCW) which places considerable focus on 
collaboration, while decision making is not a topic of direct study. 
Conversely, Naturalistic Decision Making (NDM), a field which explores 
decision making in real world settings, addresses CDM by focussing on 
individual cognitive processes and sociality is investigated in the light of 
overlapping cognitive constructs. Nevertheless, there is an ongoing 
realization of the embedded nature of decision making in everyday work 
activities which has not been incorporated in studies of CDM. Hence, the 
work undertaken in this research aims to address the gap by developing a 
theory of CDM based on empirical studies of real world complex work 
settings such as Air Traffic Control. This thesis contributes to a new 
perspective and theoretical understanding of the occurrence of CDM in the 
cooperative arrangement of complex work settings.  
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1.2. RESEARCH BACKGROUND  
Complex work settings characteristic of modern organizations are depicted 
in the field of Computer Supported Cooperative Work (CSCW) to be 
ensembles of people, technology and environment (Schmidt 1991b; Schmidt 
and Bannon 1992; Schmidt and Simone 1998). In this setup, work 
performance is distributed amongst multiple individuals with different 
expertise and responsibilities. They can be co-located or distributed in space 
and time, and function in dynamic and unpredictable environmental 
conditions. Personnel act semi-autonomously based on their own 
understanding of the circumstances they confront but recognize that their 
work activities are interrelated with that of others (Boland et al. 1992). 
Work performance including decision making involves intricate 
relationships and rich interaction between entities in the ensemble 
(Carstensen and Schmidt 1998; Cilliers 1998; Hilburn 2004).  
Decision making in complex work settings takes place in a collaborative 
setup. It is a collective endeavour requiring joint effort by multiple 
individuals and is generally referred to as Collaborative Decision Making 
(CDM). Based on the traditional perspective of decision making as a 
problem solving process, CDM is generally considered to be a kind of 
reasoning phenomenon whereby a collection of decision makers go through 
the solution space of a problem to find an optimal or ‘satisficing’ solution 
by using their expertise and resources (Durfee, Lesser and Corkill 1989). 
Alternatively, in recent years, CDM in the socially organized setup of 
complex work settings is treated as a process of reaching a decision that is 
agreed upon by more than one individual in order to attain common goal 
(Panzarasa, Jennings and Norman 2002; Seguy, Noyes and Clermont 2010; 
Kapucu and Garayev 2011). 
CDM is typically explored through decision making undertaken in a ‘group’ 
or ‘team’. Moreover, while personnel engage with both cognitive and social 
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processes to undertake CDM, investigations focus on either the former or 
latter depending on whether the focus of the researching field is on 
cognitive or social aspects of work performance. Traditionally, decision 
making is considered to be the domain of cognitive science and 
collaboration that of social science. This disparity structures the focus of 
investigations of CDM.  
Computer Supported Cooperative Work (CSCW) and Collaborative 
Decision Making (CDM) 
The field of CSCW focuses on the social organization of work and hence 
concentrates on the social processes involved in CDM. Furthermore, since 
CSCW takes the traditional view of decision making as a cognitive process, 
it is not a direct subject of study. Instead, decision making is approached 
indirectly through the development of technological systems, known as 
Group Decision Support Systems (GDSS) and Collaborative Decision 
Support Systems (CDSS), based on investigations of decision making in 
groups and social processes such as communication, cooperation and 
coordination.  
When CDM is undertaken in groups the focus is on how the group as a 
whole arrives at a decision which is accepted by all group members (Jones 
and Roelofsma 2000). It involves two processes namely: ‘selection process’ 
which consists of individual member’s choice of decision, and ‘consensus 
process’ of exchanging their decision rationale and negotiating the choice of 
decision from the set of alternative solutions provided by group members 
(Herrera-Viedma, Herrera and Chiclana 2002). In such a conceptualization, 
CDM is aimed at consensus building through debating and negotiating 
choice from a set of alternatives, decision making is the goal and decision is 
the final-point in the process of CDM.  
Research undertaken in CSCW to explore decision making in groups is 
generally conducted through laboratory studies (Bannon 1997; Mohammed 
and Dumville 2001). In the course of its evolution CSCW studies have 
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steered towards emphasizing the importance of understanding work 
practices in real world settings. Whilst ‘workplace studies’ (Schmidt 1998a; 
Luff, Hindmarsh and Heath 2000) of collaboration are prevalent in CSCW, 
studies of CDM in real world work settings are relatively limited. In 
contrast, the field of Naturalistic Decision Making (NDM) specializes in 
studying decision making as it takes place in the actual work settings of the 
real world (Lipshitz et al. 2001; Klein 2008).  
Naturalistic Decision Making (NDM) and Collaborative Decision 
Making (CDM) 
NDM research focusses on human cognition and contextual features that 
define decision making in the real world. The field aims to elicit 
descriptions of cognitive strategies employed by decision makers during 
everyday work activities. Investigations in this field study CDM in teams 
and how it occurs in real world settings such as military command and 
control, firefighting, air traffic control and ambulance dispatch centres. 
CDM is defined in the field of NDM to be a process by which team 
members seek, exchange and synchronize information in order to decide on 
a course of action (Mcintyre and Salas 1995).  
While taking stock of decision making research in NDM, Lipshitz, Klein et 
al. (2001) present the need for more empirical work to develop relevant 
theories in natural work settings. NDM has been proliferating towards a 
wider context through ‘macrocognition’ research which extends beyond 
cognitive aspects of individual decision making and endeavours to 
broadened the focus of the field to include collective work through inclusion 
of concepts such as ‘common ground’ and coordination (Klein et al. 2003; 
Schraagen et al. 2008). This undertaking is still in its formative stages and 
can benefit from stronger theoretical linkages with social theories 
(Vanharanta 2009). Knowing that CSCW addresses the social aspects of 
CDM, it is hypothesized for the purpose of this thesis that research from 
CSCW may address the gap in NDM. Also, this thesis looks to NDM 
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research only to the extent of addressing the nature of work performance in 
natural work settings and literature from the field does not form the core 
focus. 
1.3. RESEARCH MOTIVATION 
The motivation for this thesis is derived from the disparity identified in the 
conceptualization of CDM based on studies of decision making in groups in 
CSCW and its occurrence in the cooperative work arrangement of real 
world complex settings. Whilst this thesis is based in the field of CSCW, 
findings from NDM research may be implicated in modifying current views 
on CDM. Related concerns that instigate this research work are as follows: 
a) ‘Choice-point’ notion of CDM 
Based on studies of group decision making, the typical view held is that 
CDM occurs at a ‘choice-point’- an instance during work performance when 
the need for making a choice of action arises. Research in the field of 
CSCW focuses on this ‘choice-point’ and therefore takes the stance that 
decision making is the goal in CDM. However, NDM research demonstrates 
that this is not the case in the real world. Instead, in NDM the goal of 
undertaking CDM is task performance in prevailing circumstances (Orasanu 
1990; Brehmer 1992; Jones and Roelofsma 2000; Gore et al. 2006). During 
everyday work activities decision making does not take place in isolation 
but is interlaced with other processes and work activities. Therefore, there is 
still a need to provide actual representation of decision making in the 
cooperative work arrangement of real world context.  
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b) CDM as a process of achieving common goals and consensual 
decision 
Various definitions depict CDM to be a process of achieving a ‘common 
goal’ which is the decision on the course of action to be taken to solve a 
problem (Bui and Jarke 1984; Panzarasa, Jennings and Norman 2002; Kim 
et al. 2004; Seguy, Noyes and Clermont 2010; Kapucu and Garayev 2011). 
Such a view of CDM is contested by some CSCW researchers (Schmidt and 
Bannon 1991b; Sullivan et al. 1999; Cohen, Cash and Muller 2000). Their 
argument is that in the cooperative work arrangement of complex work 
settings goals of personnel participating in CDM can be of different scope 
and nature. Regardless of the above, CDM in real world settings is still 
considered a process of achieving ‘common goals’. 
Furthermore, based on studies of decision making in groups CSCW portrays 
CDM as a process of achieving consensus on decision to be made. In this 
case, all group members participate in the discussion and negotiation 
involved in arriving at their decision. Taking this into consideration the 
existing models (Karacapilidis and Papadias 2001; Yang et al. 2001; 
Herrera-Viedma, Herrera and Chiclana 2002; Panzarasa, Jennings and 
Norman 2002; Liu 2010) typically illustrate CDM as a sequential process of 
individuals identifying the need to solve a problem through collaboration, 
organizing themselves in a group, collectively reasoning and agreeing about 
action to be taken, and committing themselves to a given course of action. 
The model of CDM in Enterprise Architecture by Nakakawa, Bommel et al. 
(2010) is an exception as it is a non-sequential depiction. Nonetheless, all 
identified models (Karacapilidis and Papadias 2001; Yang et al. 2001; 
Herrera-Viedma, Herrera and Chiclana 2002; Panzarasa, Jennings and 
Norman 2002; Liu 2010) are founded on the stance of CDM as a process of 
forming consensus which culminates at decision as the end-point.  
Moreover, in contrast, studies in NDM show that in real world settings not 
all members are involved in all aspects of team decision making. CDM 
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undertaken during everyday work activities is not particularly aimed at 
achieving consensus of decision and is not a sequential process of 
collaborative activities steering towards a decision as the end point 
(Cannon-Bowers and Salas 2001; Hoffman and Yates 2005). 
 
c) CDM as an activity of sharing information and mental 
models 
In the cooperative work arrangement of complex work settings information 
required for decision making is distributed across people, artefacts and 
environment. Hence, it is contingent upon information sharing. Activities 
involved in undertaking CDM are therefore mainly addressed through this 
aspect. The focus of CSCW research is on providing communication 
channels to facilitate efficient decision making in groups in terms of 
accuracy and speed of information exchange. Similarly in NDM, CDM in 
teams is addressed through information sharing which serves the purpose of 
achieving ‘shared situation awareness’ (Endsley 2000; Endsley 2003) as 
well as ‘shared mental models’ (Converse, Cannon-Bowers and Salas 1991; 
Stout et al. 1999). 
Nevertheless, Schmidt (1990; 1991b; 2011) contends that in the cooperative 
arrangement work is performed by heterogeneous ensemble of decision 
makers. They are semi-autonomous in their functioning in terms of goals, 
criteria, perspectives, heuristics, interests and motives. Work performance in 
this setup involves a number of extraneous activities. Thus, in this context 
CDM is differentiated from that portrayed through ‘group decision making’ 
research. In CSCW, generally, conceptualizations of CDM are limited in 
their scope of investigation. This merits the need to look at other related 
factors. 
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d) Shift in Perception towards Decision Making 
Another motivation for this research is the ongoing shift in perception 
towards decisions and decision making. Currently, conceptualization of 
CDM is founded on the stance that decision making is a cognitive act that is 
an outcome of social interactions. This stance is derived from the ‘dualistic 
view’ of decision making as the activity of the cerebral and actions as that 
of the body (Brown 2005). However, there is a growing shift in perception 
which calls for a move from the ‘dualistic view’. Taking an 
Ethnomethodological perspective (Brown 2005) questions this view held by 
the Rationalistic, Descriptive, and Naturalistic approaches. He argues that 
perceiving decision making as a purely cognitive process separates 
decisions from actions and this does not capture the rich ways in which 
people socially engage with the world during decision making. With regards 
to this cognitive activity, Brown (2005) contends that decision making 
should be seen as an activity being embedded in social interactions. The 
shift in perception steps away from the typical cognitive view and brings 
forth the need to place decisions and decision making within the ecology of 
social interactions taking place during work performance. 
This thesis is motivated by the growing interest in recent years in the 
situated, embedded and embodied nature of decision making in work 
performance (Alby and Zucchermaglio 2006; Goel et al. 2012). Just as the 
traditional cognitive view towards decision making influenced the approach 
taken to CDM research in CSCW, it is proposed in this thesis that the shift 
in perception towards decision making as being embedded in social 
interactions also has resonance with it. This would lead CSCW research to 
explore the sociality of decision making and allow investigations to 
contribute to CDM research by directly addressing decision making. 
Additionally, CSCW may benefit from adopting the shift in perception 
towards decision making to explore CDM in real-world settings by moving 
away from the ‘choice-point’ perspective. There is a lack of research in 
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CSCW that explores the resonance this shift in perception towards CDM, 
which needs to be addressed. 
1.4. AIM AND OBJECTIVES 
This thesis addresses the limitations of current conceptualizations of the 
way CDM transpires in real world complex work settings. Particularly, in 
the field of CSCW there are insufficient studies of exploration and 
understanding of the occurrence of CDM in these specific settings. Also, 
there is an ongoing movement advocating the need to address the social 
processes in the theoretical aspect of decision making. CSCW research has 
yet to incorporate this shift in perception.  
The purpose of this thesis is to provide a deeper understanding of the 
occurrence of CDM in the cooperative arrangement of complex work 
settings in the real world. In order to achieve this, the research considers 
decision to be a choice of action taking place to perform a task. This 
includes fulfilling the requirements of the task and solving problems arising 
in the process. Furthermore, it steps away from the typical cognitive stance 
towards decision making and adopts the view that decision making is 
embedded in everyday work activities. The aim of the thesis is to develop a 
theory of CDM founded on this stance. With the purpose of achieving this 
aim, the research work addresses the following question: 
How do people in a complex heterogeneous working 
environment make decisions collaboratively? 
To capture the essence of CDM in real world settings the objective of this 
research is to allow the theory to emerge from studies of its occurrence in 
natural work environments. This involves selecting a suitable research 
methodology to develop a novel understanding of what CDM comprises in 
complex work settings. Based on this the thesis will explain what brings 
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people together in these settings to make decisions collaboratively, how it 
takes place in constantly changing conditions across distance and diversity, 
how intricate relationships between their work activities are managed, and 
what form CDM takes. The findings of this research will be used to develop 
an analytical framework to serve as a tool for exploring, understanding, and 
drawing insights about the way CDM is undertaken in a work setting.  
1.5. CONTRIBUTION AND SIGNIFICANCE  
This research makes the following contributions: 
 The theory of CDM which presents a new perspective on its 
occurrence in the cooperative arrangement of complex work settings. 
 A framework derived from the theory which can be employed to 
analyze the way CDM is undertaken in a particular work setting.  
The main significance of this research is: 
 It explains and clarifies current notions about undertaking CDM in 
the cooperative work arrangement of complex work settings. 
 Demonstrates the integrated nature of decision making in social 
work activities. 
 Provides a theoretical framework which is rich enough to appraise 
key elements of undertaking CDM in real world complex work 
settings. 
1.6. THESIS STRUCTURE 
Chapter 2 - “Research Background: Collaborative Decision Making in 
Complex Work Settings” - presents the context of this research and brings 
forth the limitations and drawbacks in current conceptualizations of CDM. 
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Relevant research areas are critically reviewed to establish the background, 
motivation, aims and associated question driving this research. 
Chapter 3 - “Research Methodology” - discusses the methodological 
approach of this thesis and designed qualitative study. This provides the 
rationale for the choice of Grounded Theory Methodology (GTM) and 
explains the associated procedures employed to develop the theory of CDM. 
It also presents the rationale for choice of Air traffic Control (ATC) as the 
domain of study, airport as the setting for conducting field studies and 
entailing socio-technical system as the unit of analysis. An account of 
airport ATC operations and the  nature of collaborative work and decision 
making in this setting is included. The findings of this research are 
presented over the next three chapters forming the core of the thesis.  
Chapter 4 - “Theory of Collaborative Decision Making as a Process of 
Managing Interdependencies: A Synopsis” - presents an overview of the 
theory of CDM emerging from this research. It provides a map of high-level 
concepts comprising the theory. The conceptual framework is structured 
through the ‘Six Cs theoretical coding’ family in GTM and revolves around 
the ‘core category’ emerging from the analysis.  
Chapter 5 - “Conditions Impacting Collaborative Decision Making in 
Complex Work Settings” - describes the conditions which emerged during 
the data analysis as influential factors in undertaking CDM in the 
cooperative work arrangement of complex work settings. These conditions 
include the Context and Cause components of the ‘Six Cs’. 
Chapter 6 - “Collaborative Decision Making as a Process of Managing 
Interdependencies” - introduces the theory of CDM as a process of 
‘managing interdependencies’ emerging from this research. This includes 
the core category, and Covariance, Contingency and Consequence 
components of the ‘Six Cs’. 
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Chapter 7 - “Discussion: Theory of Collaborative Decision Making” - 
presents a discussion of the theory of CDM and associated findings 
described in the previous three chapters. It is structured around a number of 
themes elicited from the literature reviewed in chapter 2, and the 
contribution and significance of the research work are drawn. Additionally, 
evaluation of the qualitative study undertaken here and Grounded Theory 
generated through this study is presented. The issues of researcher bias and 
ethics was handled are described.  
Chapter 8 - “Application of the Theory of Collaborative Decision 
Making” -  presents a framework of ten parameters elicited from the theory 
of CDM. It is employed as an analytical tool for characterizing the way 
CDM is undertaken in a work setting. The application of the framework is 
demonstrated by employing the parameters to analyze an aircraft accident 
report to draw insights and conceptualize the way CDM takes place in this 
setting.  
Chapter 9 - “Conclusion” – summarizes, interprets and critically reflects 
the research findings and discusses the overall conclusion of the thesis. 
Subsequently, it delineates the significance of key findings, their 
implications in relevant areas, and limitations.  
 13 
CHAPTER 2 
 
RESEARCH BACKGROUND 
2.1. INTRODUCTION 
The previous chapter highlighted the gap in existing conceptualizations of 
Collaborative Decision Making (CDM) and its occurrence in real world 
complex work settings. The need for this research aimed at exploring and 
theorizing how CDM is undertaken during task performance in such settings 
was highlighted. Such an undertaking requires a multidisciplinary effort 
involving review of literature from multiple fields, which forms the 
theoretical structure of the thesis and is presented in this chapter.  
This review commences with delineating the characteristics of complex 
work settings in the real world in which CDM is undertaken. Literature 
reviewed in the field of Computer Supported Cooperative Work (CSCW) 
revealed that decision making is not a direct subject of research in this field. 
Instead, it is indirectly addressed though social processes such as 
communication, coordination and cooperation involved in decision making. 
Nevertheless, considerable research on collaborative work performance in 
the conditions of complex work settings is provided in this field and is 
reviewed in this thesis. 
Furthermore, to address the decision making aspect of CDM, this thesis 
explored literature from the field of Naturalistic Decision Making (NDM). 
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While, the focus of NDM research is on human cognition, the findings from 
studies conducted provide useful insights about the nature of decision 
making in the conditions of the real world. Another realm of research 
considered to inform this research is Decision Theory, which helps 
understand the theoretical change towards decision making taking place 
over the years. This led to identifying that existing conceptualizations of 
CDM are based on the traditional perspective of decision making and have 
not incorporated the recent notional changes.  
The literature review not only describes existing notions of CDM in the 
respective disciplines of research, but also attempts to understand the 
connections between often considered disparate fields of study such as 
CSCW and NDM. The review includes studies of collective decision 
making undertaken in groups and teams based on which associated 
individual competencies and social requirements in undertaking CDM are 
delineated. A number of models of CDM are also reviewed and drawbacks 
identified. The chapter concludes with a discussion of the reviewed 
literature in the course of which the theoretical assumptions and motivation 
for this thesis is established.  
2.2. WORK PERFORMANCE IN COMPLEX WORK 
SETTINGS 
Complex work settings encompass multiple individuals, who may be 
collocated or distributed, functioning in dynamic environments, and 
supported by various artifacts to facilitate their work performance. Drawing 
on the characteristics presented by Carstensen & Schmidt (1999), Cilliers 
(1998), Hilburn (2004), Hollnagel (2012), Rosen et al. (2008), Schmidt 
(2002b), and Schmidt & Bannon (1992), a work setting is a complex system 
due to the following factors: 
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Examples of settings that embody the characteristics of complexity 
delineated above include the safety critical work settings of Air Traffic 
Control (Bentley et al. 1992; Fairburn, Wright and Fields 1999), Emergency 
Management (Aldunate, Pena-Mora and Robinson 2005; Amy, Dahlbäck 
and Lundberg 2013), Nuclear Power Systems (Carvalhoa, dos Santosa and 
Vidalb 2005; Iversen et al. 2013), and Medical Operation Theatres 
(Christian et al. 2006; Dekker et al. 2013). The work settings not necessarily 
need to embody all the characteristics. In such complex domains of the real 
world, work performance invariably requires involvement of more than one 
individual. Undertaking work activities in these settings requires interplay 
between individual and collective activities, for example, as demonstrated in 
the studies of financial share trading taking place in a securities house 
(Heath, Luff and Sellen 1995) and London underground line control rooms 
(Heath and Luff 1992). This is because, in order to manage the complexity 
of work performance in real world settings, tasks are subdivided into 
multiple parts and distributed among a number of individuals. They then 
need to interact when the subtasks interact (Obradovich and Smith 2003). 
Managing the complexity and undertaking work performance in such 
settings therefore requires collaborative working.   
It is an open system that interacts with the environment and operates in 
conditions, which include time pressure, information uncertainty, 
dynamic information, and large amount of information. 
People are distributed in terms of spatiality, temporality, expertise, 
knowledge, and roles. 
It evolves through time and the past is ‘co-responsible’ for current 
behaviour of the system. 
It consists of a large number of components including human and 
technological artefacts. 
There is rich interaction between components, which causes any 
element to influence and be influenced by others as well as sustain one 
another in some instances. 
Interaction between components is dynamic and changes with time.  
The components and environment can have a number of possible states. 
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2.2.1. Collaborative Work 
Collaborative work is explored in a number of fields of research such as 
economics, politics, management studies, sociology and psychology to 
name a few. There exists a myriad of definitions of the term ‘collaboration’ 
each offering a different perspective. This can be attributed to the focus and 
perceptions offered by the different fields in which the definitions and 
interpretations are conceived. One definition that synthesizes descriptions of 
collaboration across multiple disciplines is presented by (Bedwell et al., 
2012), which states collaboration as: 
An evolving process whereby two or more social entities actively and 
reciprocally engage in joint activities aimed at achieving at least one 
shared goal. 
The underlying assumptions of this definition are drawn from a review of 
multidisciplinary literature and depicted as follows (Bedwell et al., 2012): 
 
While the above conceptualization presents a consolidated view of 
collaboration in a broad sense, the social organization of collaborative work 
Collaboration 
is an evolving 
process  
Collaboration is not a particular state but an active 
process in which people engage to achieve a desired 
outcome through interpersonal interactions and 
relationships that change over time. 
Collaboration 
requires two 
or more social 
entities 
Collaboration cannot occur without two or more entities 
because it involves interaction and working together. 
Collaboration 
is reciprocal 
It requires mutual engagement between involved entities 
and hence collaboration is reciprocal. However, equal 
participation from each entity is not required and would 
suffice as long as they sufficiently contribute towards 
reaching their joint aims. 
Collaboration 
requires 
participation 
in joint 
activities 
Collaboration requires participation in joint activities 
because of the interdependent effort required for work 
performance. 
Collaboration 
is aimed at 
achieving a 
shared goal 
The critical aspect of collaboration is considered to be 
‘shared goal’ because it forms the key element 
separating collaboration from other forms of shared 
work.  
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performance in complex work settings is explored in this thesis through 
research undertaken in the field of CSCW, which is dedicated to 
investigating collective work performance and the role of technology in 
facilitating this (Grudin 1994; Pratt et al. 2004; Schmidt 2009; Schmidt and 
Bannon 2013). In the course of its evolution, research in CSCW has steered 
towards emphasizing the importance of exploring and understanding work 
practices in real world work settings. Influenced by important findings of 
Suchman, A. L. (1987), a number of ethnographic studies of collaborative 
work in real world work settings - known as ‘workplace studies’ - were 
undertaken  (Plowman, Rogers and Ramage 1995; Heath, Knoblauch and 
Luff 2000; Blomberg and Karasti 2013; Fitzpatrick and Ellingsen 2013). 
These studies bring forth the nature of everyday work performance in 
complex work settings.  Based on the findings of these studies, the general 
perception in CSCW is that complex work settings are ‘cooperative 
ensembles’ of people, artefacts and environment, and collaborative work 
performance takes place in a cooperative work arrangement. 
2.2.2. Cooperative Work Arrangement  
In complex work settings, individuals cannot manage the complexity and 
accomplish tasks on their own, at least quickly and efficiently as required, 
due to the limitations of their mechanical and information processing 
capabilities. Therefore, work activities involved in task performance are 
distributed among multiple individuals who then aggregate their skills and 
function cooperatively (Schmidt 1990, 2002b). This requires personnel to 
balance their actions with respect to that of others involved in task 
performance (Bardram 1998). In such a cooperative work arrangement, 
personnel function as an ensemble to augment capacity, combine techniques 
and integrate different heuristics and perspectives in the work setting in 
order to manage entailing complexity and undertake task performance 
(Schmidt 1990). Furthermore, when operating in the dynamic conditions of 
complex work settings personnel function jointly to manage the 
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requirements of a particular situation after which they disperse to manage 
their individual work (Gaver 1991; Schmidt 1991b; Schmidt and Bannon 
1992; Schmidt 1993; Schmidt and Rodden 1996).  
The need to function collaboratively in a cooperative work arrangement is 
deemed to arise from mutual dependence in work performance brought forth 
by the interrelationships between work activities of individuals involved in 
undertaking tasks (Schmidt 1994a; Schmidt 2002b). They are mutually 
dependent in the sense that one actor depends on the quality and timeliness 
of the work of the others and vice versa (Schmidt and Bannon 1992). Hence, 
the cooperative work arrangement is an ensemble of personnel with 
interdependent activities. In order to manage this arrangement, a number of 
secondary activities such as coordinating, scheduling, aligning, and meshing 
of the distributed individual activities are required. Such activities are 
addressed in the field of CSCW as ‘articulation work’.  
2.2.3. Articulation Work  
CSCW research to investigate ‘articulation work’ has been built on the 
foundation laid by Anselm Strauss (Strauss 1985; Strauss et al. 1985; 
Strauss 1988) and Kjeld Schmidt (Schmidt and Bannon 1992; Schmidt 
1993; Schmidt 1994a; Schmidt and Simone 1996, 1998; Schmidt 2010). 
Articulation work is defined by Schmidt (Schmidt 2002b) as ‘second-order’ 
activities (or aspects of activities) through which the interdependent and yet 
distributed activities of the cooperative work arrangement, as deployed and 
configured, are continually coordinated and integrated. According to this 
notion, work performance in the cooperative work arrangement of complex 
work settings needs to be articulated i.e. who is doing what, where, when, 
and how in order to accomplish tasks. As the complexity of relationships 
between these dimensions increase, so does the need for articulation work 
(Fjuk and Smordal 1997), which is particularly essential for managing the 
dynamic nature of complex work settings. Work performance in such 
settings is a situated activity (Suchman 1987) and articulation work helps to 
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adapt to changes taking place in the work environment (Mi and Walt 1991). 
Based on this literature review articulation work is distinguished along the 
following three dimensions:  
Planned and Situated Articulation: During task performance, planned 
articulation work takes place when formal actions are planned in advance to 
carry out entailing activities. However, complex work settings are dynamic 
environments in which situation of task performance is continually varying 
and can sometimes be unexpected. Hence, articulation work also takes place 
in an evolving manner through constant re-planning and re-scheduling of 
work activities based on the changing conditions in the work environment 
which is known as situated articulation (Suchman 1987; Strauss 1988; Kraut 
and Streeter 1995; Carstensen and Sorensen 1996; Grinter, Hersleb and 
Perry 1999; Bardram and Bossen 2005; Munkvold and Ellingsen 2007; 
Bardram and Hansen 2010; Iversen et al. 2013).  
Indirect and Direct Articulation: When personnel involved in task 
performance indirectly coordinate their activities in an unpremeditated and 
inconspicuous manner it is known as indirect articulation (Simone and 
Schmidt 1993). This takes place by personnel inferring or anticipating the 
relation of one another’s actions in task performance, (Kasbi and 
Montmollin 1991; Heath and Luff 1992; Schmidt 1994b, 1998b; Schmidt 
2002a). They keep track of who is in the physical space, where they are, 
what they are doing, and when and how occurrences take place in the work 
environment thereby creating awareness during task performance (Schmidt 
1998b; Gutwin and Greenberg 2002). Establishing awareness is considered 
to be one of the fundamental ways of supporting this kind of articulation 
work (Schmidt 1998b). A widely acknowledged definition of awareness is 
provided by (Dourish and Belotti 1992) as an understanding of the activities 
of others, which provides a context for your own activities. This is 
considered to facilitate fluent and seamless alignment of individual 
contributions in collaborative activity (Schmidt and Simone 2000). Also, 
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since during work performance there is constant interplay between 
individual and collaborative activities (Gaver 1991; Dourish and Belotti 
1992; Schmidt and Rodden 1996), awareness of other’s status and activities 
during task performance helps in managing these transitions (Gutwin and 
Greenberg 2002). 
Furthermore, just indirect articulation is inadequate for undertaking 
collaborative work in complex work settings (Schmidt 1994a). There is a 
need for direct articulation, which, in contrast, involves drawing attention of 
personnel to information or state of the environment considered relevant to 
their involvement in task performance. This is done for example, by 
positioning an object in a certain way, pointing to the object of interest, or 
by talking aloud. Such activities have been demonstrated in a number of 
studies of work practices in air traffic control (Harper, Hughes and Shapira 
1989; Harper and Hughes 1992; Hughes, Randall and Shapira 1992). Both 
indirect and direct modalities of articulation work are ‘meshed’ seamlessly 
and dynamically during work performance (Heath and Luff 1992; Schmidt 
and Bannon 1992; Harper and Hughes 1993; Heath, Luff and Sellen 1995).  
Moreover, in complex work settings, personnel are provided with various 
mechanisms of interaction such as plans and procedures (Suchman 1983; 
Suchman and Wynn 1984; Wynn 1991; Cartensen 1994), timetables (Heath 
and Luff 1992), schedules (Egger and Wagner 1993), forms, checklists 
(Degani and Wiener 1990), and classification schemes (Bowker and Star 
1991; Andersen 1997) to support articulation work. These are considered as 
‘mechanisms’ because they can be objectified in some physical form 
(artifact) that can be used to regulate and mediate this work. The artefacts 
used to facilitate coordination of distributed work activities has been 
labelled as ‘coordination mechanisms’ (Schmidt and Simone 1996). 
The ‘coordination mechanisms’ are a combination of ‘coordinative 
protocol’ and ‘coordination artefacts’ (Simone, Diviniti and Schmidt 1995; 
Schmidt and Simone 1996). Whilst the ‘coordinative protocols’ are an 
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integrated set of procedures and conventions which present affordances and 
constraints for articulating distributed work activities, the ‘coordination 
artefacts’ stipulate and mediate articulation work  in the context of a set of 
conventions and procedures depicted by ‘coordinative protocols’ (Hertzum 
1999; Lundberg and Sandahl 2000; Schmidt and Wagner 2002; Schmidt and 
Wagner 2004; Jones and Nemeth 2005). Representation of state change in 
the ‘coordinative artefacts’ facilitates coordination as it offers cues about 
other’s intentions and actions, status of entities in the cooperative ensemble, 
and challenges and problems faced during task performance (Schmidt and 
Wagner 2002; Bardram and Bossen 2005). These artifacts act as means 
through which information is represented, disseminated, shared, and 
transformed in the course of collaborative work activities during task 
performance (Tellioglu 2012). 
Nevertheless, the complexities in real world work settings cannot be 
handled by just supporting information sharing or pooling it from multiple 
sources. Instead, collaborative work performance in complex work settings 
requires that information shared among members of the cooperative 
ensemble is interpreted correctly, and its relevance to one’s activity 
unfolded. This is because collaborating personnel are dispersed spatially and 
across different work units in the cooperative work arrangement. 
Consequently, they have different perspectives based on their expertise and 
role in task undertaken, and have only partial and provincial access to 
information. This leads to discrepancies in information interpretation across 
distributed individuals (Schmidt and Bannon 1992). Nevertheless, personnel 
are not required to have identical interpretation of shared information 
because they are involved in different aspects of task performance and only 
need to establish “common enough” understanding in order to be able to 
carry out their individual role in task performance (Schmidt and Bannon 
1992). 
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One concept frequently invoked in relation to this aspect is ‘common 
ground’ arising from Clark’s theory of communication (Clark 1996). 
Establishing ‘common ground’ is the process of personnel involved in joint 
activities coordinating their respective understandings of knowledge, 
beliefs, assumptions related to work performance through communication. 
This requires coordination of ‘content’ (shared understanding of the subject 
and focus of work) and ‘process’ (shared understanding of the rules, 
procedure, timing and manner in which interaction will be conducted) 
(Clark and Brennan 1991). Formation of such mutual understanding is an 
important aspect of collaborative work because coordination of work 
activities required for collaborative functioning depends on the 
predictability of other’s actions (Klein et al. 2005; Nova, Sangin and 
Dillenbourg 2008). The more ‘common ground’ collaborating personnel 
have, the easier it is for them to communicate, which in turn facilitates 
coordination and cooperation (Oslon and Oslon 2002). A determinant factor 
for establishing the ‘common ground’ required for collaborative work 
performance is spatial distance between collaborating personnel and this 
leads to the following classification of articulation work.  
Local and Global Articulation: When articulation work takes place within 
a single unit, it is known as ‘local articulation’. Within a single unit, related 
personnel are collocated with possibilities for direct face-to-face interaction, 
immediate visibility and access to information and other’s actions, and 
seamlessly mesh work activities (Robertson 1997; Kraut et al. 2002; Oslon 
and Oslon 2002). Whereas, when it takes place across physical distance and 
different work units it is addressed as ‘global articulation’. The local and 
global nature of this work is studied in various domains such as 
occupationally segregated terrains, emergency situations, scarce-resource 
settings and performance-intensive settings (Clement and Wagner 1995; 
Faergemann, Schilder-Knudsen and Carstensen 2005). The findings of these 
studies reveal that global articulation is more demanding and dependent on 
 23 
formalized interaction between units. Everyday informal social interactions 
becomes less frequent in this case (Nova 2003; Nova 2005). Interaction 
across physical distance and work units is mainly mediated through 
information representation and dissemination artifacts (Dourish et al. 1996). 
Hence, global articulation is constrained by limited means of 
communication, entails predominantly formalized communication, and 
involves standardized mechanisms of interaction (Carstensen and Schmidt 
1998; Boden, Nett and Wulf 2008). 
Having examined the collaborative nature of work performance in this 
review, the following section discusses the nature of decision making in 
complex work settings. 
2.2.4. Decision Making  
Decision making in real world work settings is the focus of Naturalistic 
Decision Making (NDM) research. In this field, conditions in which 
decision making takes place in the real world have been described as 
follows (Orasanu and Connolly 1993): 
 
These conditions of complex work settings are also addressed in CSCW 
although the focus is on collaborative work. CSCW research typically does 
not study decision making directly as it is considered to be the realm of 
cognitive science. Instead, it is approached indirectly through the social 
processes involved in decision making such as communication, cooperation 
Ill-structured problems because causes and potential courses of action 
may not be easily identified. 
Conditions are uncertain and dynamic as situations are constantly 
changing. 
Entails multiple goals which may be ill-defined, in conflict or shift over 
time. 
Decision making is not an isolated event but occurs during work 
performance and hence is affected by preceding activities and 
decisions. 
Decision making process requires involvement of multiple individuals 
who can have shared or different views of the situation in which it is 
undertaken. 
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and coordination. Nevertheless, few characteristics of decision making in 
complex work settings are brought forth. The following discussion reviews 
literature from both NDM and CSCW studies to characterise the nature of 
decision making in real world complex work settings. 
From CSCW perspective, decision making involved in task performance is 
considered to be distributed across different personnel in the cooperative 
work arrangement of complex work settings. According to (Schmidt 1994a), 
the very fact that multiple actors are involved in doing the work introduces 
an element of distributed decision making. The expertise, responsibility, and 
knowledge-base for decision making is separated and distributed among 
multiple individuals, and each individual is responsible for part of the 
decision making required for task performance (Wellens 1993; Soubie and 
Zarate' 2005; Salas et al. 2007). However, they are semi-autonomous as the 
interrelations and mutual dependencies between their work activities require 
joint effort. Therefore, decision making in such an arrangement of work 
performance requires personnel to cooperate and coordinate their activities 
(Schmidt 1991a; Boland et al. 1992; Wellens 1993; Schmidt 1994b; 
Jankowski et al. 1997).  
In complex work settings, decision making is directed towards a goal arising 
from a task to be performed. This is demonstrated by Brehmer (1992) 
through studies of Firefighters’ perception towards decision making during 
work performance and who quotes Klien’s (Klein et al. 1993) personal 
communication with him - When asked about their decisions at the site of 
the fire, the fire chief said: ‘We do not make decisions, we fight fires!‘. 
Hence, in real world settings, decision making is part of an ongoing process 
of task performance. Furthermore, in the real world, decision making is 
dynamic as it takes place in an evolving environment. The requirements to 
be fulfilled and possibilities for doing this may change. Therefore, the 
context of decision making is not entirely predictable. In addition, a series 
of decisions are required for fulfilling requirements and can be interrelated. 
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Hence, decision making requires feedback from previous decisions 
(Brehmer 1992; Campanella et al. 2012). An illustration of dynamic 
decision making is provided through the work of the controllers allocating 
airspace in Air Traffic Control (ATC) setting as follows (Gonzalez 2005): 
ATC, for example, requires controllers to make multiple decisions 
regarding how to allocate space to best accommodate multiple airplanes. 
The fact that the assignment of a landing lane to an incoming airplane 
precludes the use of that lane by other airplanes arriving in the near 
future reflects the interdependency of decisions that characterizes DDM
1
 
tasks. Furthermore, environmental parameters such as arrivals, 
departures, and weather are exogenous during ATC—i.e., they are 
beyond the influence of the controller. Finally, incoming airplanes need 
to be assigned to a landing lane at the correct moment in real-time. Thus 
ATC provides a realistic example of real-time DDM. 
The characteristics of ‘dynamic decision making’ in complex work settings 
are presented as follows (Brehmer 1992): 
 
Similar to ATC, ‘firefighting’ is an example of decision making taking 
place in an evolving environment in which decision making is not only 
dynamic but also adaptive. This is presented by Pohl (2008) as follows: 
….a change in wind direction during a major brushfire may have a 
profound impact on the entire nature of the relief operation. Apart from 
precipitating an immediate re-evaluation of the firefighting strategy, it may 
require the relocation of firefighters and their equipment, the re-planning 
of evacuation routes, and possibly even the relocation of distribution 
centers. 
                                                     
1 Dynamic Decision Making 
A goal cannot be reached with a single decision. A series of decisions 
are needed because earlier decisions affect current decisions. So 
decisions are not independent. 
Decision makers need to not only consider how current decisions would 
solve the problem at hand, but also how it would affect the ability to 
cope with decision problems arising later on. 
State of the work environment changes during decision making both 
autonomously and in consequence to decisions made by people. Hence, 
decisions are made in real-time and correct decisions have to be made in 
the correct order and at the correct moment in time. 
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The effect of change in wind direction - single contextual factor - affects the 
entire plan of the firefighting operation and the decision making process. It 
leads to re-evaluation of the firefighting strategy and re-planning evacuation 
routes, and also requires firefighters and their equipment to be relocated 
(Pohl 2006). Hence, decisions change with the evolution of decision making 
situation and have to be made in real-time (Boland et al. 1992; Brehmer 
1992; Kerstholt and Raaijmakers 1997; Ariely and Zakay 2001; Cook, 
Gerrish and Clarke 2001). This effects decision making in various ways 
(Brehmer 1992; Mosier and Fischer 2010). For example, it imposes time 
pressure which affects the process and quality of decision making as it 
impacts the inference and reasoning strategies of decision makers (Ehrhart 
and Bigbee 1999). Also, decisions have to be made as and when the 
requirement arises in real-time (Stankovic 1996). This provides decision 
makers with little control over when decisions will be made (Brehmer 
2000). Therefore, decisions have to be made not only about what actions to 
take but also when. In the words of Zachary et al. (1998) 
Making the right decision too late is as bad (or worse!) than making 
the wrong decision in a timely manner. 
Furthermore, in complex work settings there are many related issues and 
variables which have a bearing on each other and the situations in which 
decisions are made (Pohl 2006). Consequentially, issues arising during task 
performance cannot be considered in isolation while making decisions. 
Another aspect of the situated nature of decision making stems from the fact 
that personnel in the cooperative work arrangement of complex work 
settings function as part of a work unit such as a group or team. Hence, it is 
also situated in the purpose, aims and context of the work unit.  
Typically, decision making is portrayed as a problem solving process. This 
includes information gathering and interpretation to ascertain relevant facts 
relating to the problem, identifying alternative tasks that can be performed, 
evaluating and choosing between alternatives, implementing the task, and 
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determining if it achieves the expected result (Herbert and Associates 1986; 
Goncalves and Antunes 2000). A number of different theoretical 
perspectives have been developed to account for this process of decision 
making, which can be broadly classified into three types as Rationalistic 
Decision Making, Descriptive Decision Making, and Naturalistic Decision 
Making (NDM).   
In the Rationalistic paradigm of decision making, a rational choice is made 
among alternatives to select the one that produces maximum utility. To 
make a decision, a person is assumed to enumerate the possible courses of 
action, evaluate each course to assess its value according to some criterion, 
and then to select the action judged to be optimal according to the set 
criterion (Doyle 1992; Doyle and Thomason 1999). The Descriptive 
Decision Making paradigm alternatively reflects the limited cognitive 
capacities of human beings and presents the notion of ‘bounded rationality’. 
This is based on organizational studies according to which, the decision 
makers ‘satisfices’ by considering possible options sequentially until one is 
found that is adequate though not necessarily optimal (Simon 1978). 
However, in this case, the decision of ‘good enough’ result is made in 
advance, and information and options are searched for until the ‘good-
enough’ result can be obtained (Brown 2005). 
The realization that the analytical process of decision making that holds up 
optimality conceptualized through studies undertaken in laboratory 
conditions does not reflect real operational contexts characterized by the 
conditions discussed previously in this section resulted in the emergence of 
NDM research. Investigations in this field study decision making ‘in the 
wild’ and focus on the cognitive strategies of individuals rather than 
predicting which of the alternatives to implement. The expertise of the 
decision maker and the context in which it takes place play a significant role 
in the conceptualization of decision making. 
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When decision making is viewed from these three approaches, it is 
considered to be a cognitive process. However, this perspective changed, 
particularly with the emergence of theories such as Distributed Cognition 
(Hutchins and Klausen 1993; Hutchins 1995), Situated Cognition (Shattuck 
and Miller 2006; Busemeyer, Jessup and Dimperio 2009), and Embodied 
Cognition (Wilson 2002). These theories have contributed to addressing a 
wider unit of analysis in the exploration of the process of decision making 
through the inclusion of contextual and social factors. While considerable 
research addressing the contextual factors of decision making is undertaken 
in NDM, investigations which include social factors is limited and need for 
more research is necessitated (Panzarasa, Jennings and Norman 2002; Alby 
and Zucchermaglio 2006; Vanharanta 2009). 
This thesis addresses the limitation by focussing on the sociality of decision 
making in complex work settings. In order to achieve this, the research 
examines the nature of decision making in collaborative work performance.  
2.3. COLLABORATIVE DECISION MAKING IN COMPLEX 
WORK SETTINGS 
As stated above, in complex work settings, a number of individuals function 
semi-autonomously and are required during task performance to undertake 
work activities including decision making collaboratively. Collaborative 
Decision Making (CDM) has been considered to be the archetype of 
decision making in such settings consisting of work distribution among 
multiple individuals who need to jointly undertake tasks that are beyond 
individual capabilities (Panzarasa, Jennings and Norman 2002). 
2.3.1. Defining Collaborative Decision Making 
Various definitions of CDM have been formulated in different fields. For 
example, Bui & Jarke (1984), based on decision making in groups, present 
the following definition: 
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 A decision situation in which there are two or more persons, 
each of which are characterized by their own perceptions, 
attitudes, motivations, and personalities, who recognize the 
existence of a common problem and attempt to reach a collective 
decision.  
Elements of this definition are found in the way CDM is defined by others 
in different fields of research. In NDM, Orasanu, Judith. & Salas (1993) 
define CDM as the process of reaching a decision undertaken by 
interdependent individuals to achieve a common goal, while Christensen & 
Larson (1993) consider CDM to occur whenever two or more individuals 
contribute their diverse knowledge and expertise to the decision making 
process. In the field of Logic and Computation, CDM has been defined by 
Panzarasa et al. (2002) as a process of reaching a decision that is agreed 
upon by more than one individual in order to reach a common goal. Another 
definition by Kim et al. (2004) presents CDM as decision making in a 
distributed environment through mutual collaboration of the participants. 
More recent definitions include CDM as the realisation of a set of activities 
by a group of actors working together and sharing a common objective and 
resources, an activity leading to a decision (Seguy, Noyes and Clermont 
2010), and as a combination and utilization of resources and management 
tools by several entities to achieve a common goal by (Kapucu and Garayev 
2011) based on investigation of Emergency and Disaster Management. 
Irrespective of the field in which CDM is defined, it is treated as a process 
of reaching a decision that is agreed upon by more than one individual in 
order to reach a common goal. 
Nonetheless, in CSCW, Bannon and Schmidt strongly argue that the 
cooperative work arrangement of complex work settings involves multiple 
goals of various personnel that can be of different scope and nature (Bannon 
and Schmidt 1989). Collective decision making in such settings is a process 
different from what is typically considered in ‘group decision making’ 
(Bannon and Schmidt 1989; Boland et al. 1992; Bannon 1997). This is 
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attributed to the difference in characteristics of ‘group work’ and 
‘cooperative work’. In real world complex work settings, decision making is 
less group (involvement of small, stable, homogeneous and harmonious 
ensemble of people) and more cooperative (entailing large ensembles 
distributed physically in time and space, semi-autonomous in control; which 
are transient formations emerging to handle a particular situation after 
which they dissolve; and patterns of interaction changes with requirements 
and constraints of the situation) (Bannon 1997). Therefore, CDM in such 
settings is argued to be more than achieving ‘common goals’ but studies 
elucidating this view are limited.  
2.3.2. Forms of Interaction in Collaborative 
Decision Making 
Participation in CDM takes place through four cumulative forms of “social 
interaction” - communication, cooperation, coordination, and collaboration 
(Jankowski et al. 1997) (Figure 2- 1).  
 
Figure 2- 1 : Forms of Social Interaction in CDM (Jankowski, et al. 1997) 
Communication is the basic level of participation in CDM which takes place 
to exchange information and ideas. Cooperative interaction is at the next 
level which is built on the ideas developed through communication. 
Participants functioning cooperatively make a contribution to exchange 
during interaction. However, each participant can also take the results of the 
interaction away with them and act on the results as they see fit, with no 
further interaction required. This is followed by coordinated interaction in 
Collaborative Interaction 
Coordination Interaction 
Cooperative Interaction 
Communication 
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which participants cooperate and sequence their activities for mutual gain. 
At the highest level is collaborative interaction which takes place when 
participants work on the same task (sub-task) either simultaneously or near 
simultaneous manner with a shared understanding of a situation (Jankowski 
et al. 1997).   
Collaboration through these forms of social interaction has been recognized 
as an effective strategy in decision making in complex work settings 
because it is considered to improve the quantity and quality of the 
information used to make decisions (Perry and Moffat 2004) and increases 
information processing capacity of decision makers (Hutchins and Kendall 
2009; Kane, Toussaint and Luz 2013). In addition, it enhances creativity and 
diversity in decision making (Cook, Gerrish and Clarke 2001), and enables 
personnel to attain a greater sense of appropriate action and behaviour 
required for decision making (Orasanu and Salas 1993; Jankowski et al. 
1997; Kapucu and Garayev 2011). Furthermore, Schmidt, Kjeld (1990; 
1994a) argue that the multiple decision making strategies brought forth by 
different individuals and their contribution to task performance is subject to 
critical evaluation during CDM, which leads to making more robust and 
balanced decisions.  
2.3.3. Individual Competencies and Social 
‘Sharedness’ in Undertaking 
Collaborative Decision Making 
In the cooperative arrangement of complex work settings, decision making 
entails involvement of multiple individuals and requires integration of their 
different viewpoints, objectives and strategies (Yang et al. 2001). This 
necessitates negotiation of  possible course of action (Cook, Gerrish and 
Clarke 2001) and establishment of common understanding between 
involved personnel (Filip 2008). The operational processes in complex work 
settings are interrelated and personnel’s work activities are influenced by 
each other’s input, output, and decisions during task performance (Jankovic 
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2006). Besides, uncertain conditions brought about by the dynamic nature of 
work environment in these settings also contributes to making CDM a 
complex process (McClennan et al. 2006). Managing such complexities and 
successfully undertaking CDM has certain requirements at both individual 
and social level. 
Individual Competencies 
With respect to individuals, Eriksson (2009) identifies three aspects and 
associated competencies required for participating in CDM. The aspects 
include ability to frame decision situations, manage decision-making 
procedures and support the CDM system through methods. The first aspect, 
framing, is the capability of individuals to identify expertise and domain 
knowledge required in decision situations, identify group’s “wants” in 
relation to overall strategies in the organization, and the constraints and 
possibilities of decision situations. This is facilitated by the means provided 
by the organization to determine what individuals can and cannot do in a 
decision situation. The second aspect, procedures, refer to an individual’s 
role in the organization and associated behavior during decision making. 
Clearly defined roles dictate their behavior and help to comprehend their 
contribution to CDM. Behavior is also influenced by the preference of 
actors which are values held by them individually and in relation to overall 
values of the organization. The third aspect, methods, entails the rules, 
techniques and infrastructure needed for managing the CDM process. Rules 
are embedded in the organizational culture while techniques help to 
understand relationships in the organization, the dynamics of the decision 
situation, and infrastructure in the work setting. Furthermore, it helps 
structure, responsibilities, authority, relevant information, and decision 
issues of individuals. While, this framework helps understand individual 
competencies required to ensure effective and efficient CDM, the entailing 
social requirements of CDM are discussed next through the notion of ‘social 
sharedness’. 
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Social ‘Sharedness’ 
In order to successfully undertake CDM in complex work settings, 
personnel need to function collectively as a group or team (Sundstrom, 
DeMeuse and Furtell 1990). This can be explored through information, 
ideas, and cognitive processes shared between members in a group or a 
team, which is addressed as ‘social sharedness’ (Kameda, Tindale and Davis 
2002; Tindale, Kameda and Hinsz 2003). The argument presented by 
Kameda et al. (2002) is that things shared among group members influence 
the decision making process largely. Based on this, they advocate the use of 
the notion of ‘social sharedness’ to understand collective decision making, 
which is adopted in this thesis to address the social requirements for 
undertaking CDM. The review of literature in the fields of CSCW and NDM 
revealed three overlapping concepts of ‘sharedness’. They are sharing 
information, sharing awareness and shared understanding. CSCW and NDM 
studies investigate these aspects through ‘group decision making’ and ‘team 
decision making’ research respectively with the former focusing on the 
social processes and the later on the cognitive processes.  
In recent years, groups are conceptualised as information processors (Hinsz 
and Tindale 1997). Much attention has been laid on group members making 
decisions collaboratively by sharing information, leading to the premise that 
group members made better decisions by pooling information (Stasser and 
Titus 1985; Kerr and Tindale 2004). Importance of sharing information in 
‘group decision making’ was brought forth by various research undertakings 
(Larson, Foster-Fishman and Keys 1994). However, it was found that 
decisions made by groups rested on shared information while knowledge 
unique to individual members was overlooked (Stasser and Titus 1985; 
Larson et al. 1998) which resulted in missed opportunities for making 
informed decisions (Hermann, Rummel and Spada 2001). Failure to pool 
unshared information is more devastating when individuals are mutually 
dependent on each other for knowledge required to perform tasks (Johnson 
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and Johnson 1992), which is the case in the cooperative arrangement of 
complex work settings as discussed earlier. 
This brings forth the importance of effective communication in CDM which 
is influenced by the structure of decision task including group member’s 
awareness of the end state to be achieved for successful task completion, 
comprehension of means to achieve the state, and an understanding of 
barriers hindering group’s effort in achieving the required state (Hirokawa 
1990). In the case of CDM in groups, members need to communicate about 
the goals to be achieved, the alternatives to be considered, its evaluation, 
and the choice to be made (Malone and Crowston 1990). Also, in real world 
complex work settings, communication and decision making take place in 
uncertain and constantly changing conditions. Therefore, valid and timely 
information sharing is critical (Kapucu and VanWart 2006).  
Another aspect of ‘social sharedness’ essential for group decision making is 
establishing shared understanding of important information. This is because 
even though group members have shared goals, they have differing 
assumptions, viewpoints, interpretations, and decision preferences which are 
based on underlying individual assumptions and objectives. Such cognitive 
diversity may cause miscommunication and requires effort to be expended 
by group members to resolve differences in conceptualizing problems and 
establishing consensus by collective representation of decision issues. This 
however, depends on the affordances provided by the work environment, 
level of interdependence among group members, naure of task being 
performed, and when in the work process members need to function as a 
collective (Mohammed and Ringseis 2001). 
Much research undertaken to explore CDM in groups in CSCW focuses on 
small interpersonal groups working on fixed tasks and clearly shared goals. 
Findings from such studies are insufficient to understand decision making as 
it actually occurs in the complex conditions of organizational settings 
(Bannon 1997). However, research undertaken in the field of NDM through 
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studies of ‘team decision making’ explores and conceptualizes decision 
making undertaken in the process of task performance in real world settings 
(Koslowski and lgen 2006). Studies in NDM provide a closer representation 
of conditions of decision making in the real world. Based on this, the notion 
of shared understanding is extended further than that of information as 
depicted in the field of CSCW. 
The premise in NDM is that decision making in complex work settings 
requires team members to possess common knowledge of operational 
environment, equipment, standard procedures and practices, and strategies 
to support joint decision making. In addition, it requires common 
understanding of individual role responsibilities, objectives, and plans 
(Rouse, Cannon-Bowers and Salas 1992; Cannon-Bowers and Salas 2001; 
Salas, Sims and Burke 2005; Salas, Cooke and Rosen 2008; Mosier and 
Fischer 2010). It is considered that by sharing this knowledge team 
members are able to make similar interpretations of cues in the work 
environment, make compatible decisions and take appropriate actions 
(Klimosky and Mohammed 1994; Cooke et al. 2000; Cannon-Bowers and 
Salas 2001; Mohammed and Dumville 2001). Furthermore, members will be 
able to develop good understanding of the task and other team member’s 
behavior (Converse, Cannon-Bowers and Salas 1991; Rouse, Cannon-
Bowers and Salas 1992; Orasanu and Connolly 1993; Orasanu and Salas 
1993), help members to proactively provide required information to others 
in the team and meet each other’s differing information needs (Yen et al. 
2003). Based on the established common understanding team members can 
plan, communicate, coordinate activities, and adapt to the situation 
appropriately (Stout, Cannon-Bowers and Salas 1990; Cooke et al. 2000; 
Mosier and Fischer 2010).  
Another dimension of ‘social sharedness’ required for undertaking CDM is 
in terms of sharing awareness. In the dynamic environment of complex 
work settings constant state changes takes place automatically and as a 
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consequence of actions of decisions makers (Brehmer 1992). Hence, it is 
necessary to continuously keep track of the changes in the environment in 
order to make effective decisions (Cook, Gerrish and Clarke 2001; 
McClennan et al. 2006). This assessment of the environment results in what 
is called Situation Awareness (SA) (Elliott 2005). For example, studies 
demonstrates how situation recognition dictates the choice of actions to be 
executed in teams (Klein 1997), and how SA and decision making influence 
each other (Smith and Hancock 1995).  Moreover, SA is contended to be the 
primary basis for decision making (Endsley 1995). Individuals establish SA 
by observing and integrating information from the work environment, 
comprehension of which is enhanced by pre-existing knowledge.  
In the cooperative arrangement of complex work settings, collective work 
performance is dependent on the SA shared between team members 
(Endsley 2003; Garbis and Artman 2006). This is because in these settings 
activities of team members are interdependent and SA of an individual 
affects activities of others. Shared SA is achieved by monitoring the work 
environment, communicating required information to other team members, 
and coordinating their activities (Bolman 1979; Schwartz 1990; Salas et al. 
1995; Entin and Entin 2000). Based on a synthesis of literature Salmon et al 
(2007) conclude that team SA includes awareness about individual roles and 
goals, other team member’s activities, roles and responsibilities, and overall 
team goal and performance. It is established through team processes such as 
communication, coordination, and collaboration. This view is corroborated 
by other researchers (Furuta and Shu 2004; Gorman, Cooke and Winner 
2006; Kolbe and Boos 2009).  
2.3.4. Collaborative Decision Making across 
Distance and Diversity 
In this research, the focus is on personnel belonging to different 
heterogeneous work units, who are spatially distributed and function 
collaboratively to undertake decision making during task performance. This 
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entails personnel functioning as a cooperative ensemble, communicating 
synchronously and asynchronously, and coordinating work activities. 
Therefore, literature was reviewed to comprehend the effect of spatial 
distribution and heterogeneity of work units on CDM and is presented 
below.  
Effect of Spatial Distribution of Work Units on CDM 
Physical distribution affects CDM mainly with respect to communication, 
establishing collective understanding, awareness, and coordination required 
for the joint activity (Armstrong and Cole 2002; Fiore et al. 2003). The 
reason for this is that spatial distance reduces opportunities for rich 
interaction and direct communication (Herbsleb and Mockus 2003). Based 
on their investigations on decision making in teams, Cook et al. (2001) 
reveal that the timeliness of communication is facilitated by shared 
geographical location which is one of the catalysts for decision making 
across teams. 
Communication across physical distance is typically mediated through 
technology which assists both synchronous and asynchronous 
communication. Much research on decision making in groups has focussed 
on electronic communication systems known as Group Decision Support 
System (GDSS). These systems mediating group decision making were 
found to improve the quality of decision making but concomitantly 
increased the time taken to reach decisions by group members (McLeod 
1992). Besides GDSS, other technologies such as email, teleconferencing, 
video conferencing, and CCTV are used to mediate communication across 
distributed work units (Andres 2002). Although such technology is 
beneficial in terms of speed of information transfer and its accessibility, 
there are some drawbacks. It impairs efficiency by increasing the time taken 
to perform tasks and reduces the transmission of social context cues such as 
eye contact, facial expressions, and gestures which regulate interaction, 
information exchange, and monitoring feedback (Straus and McGrath 
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1994). Nonetheless, mediating communication through video conferencing 
and CCTV provide opportunities for transmitting social context cues.  
Another aspect of CDM which is affected by the spatial distribution of work 
units is establishing shared awareness and common understanding. This is 
considered to be particularly important in the case of geographically 
distributed work units in order to coordinate and establish appropriate 
understanding because of lack of shared context provided by the collocated 
setup (Carpenter et al. 2008). Awareness and understanding shared across 
work units facilitate anticipation of each other’s actions and information 
requirements to make decisions (Converse, Cannon-Bowers and Salas 
1991). Furthermore, making decisions jointly in dispersed work settings 
requires high level of coordination. Based on their ‘mutual awareness’ 
decision makers can reason about own situation and others, share 
information with each other during the joint activity, and coordinate 
decision making (Garbis and Artman 2006; Yen et al. 2006). However, 
physical distribution decreases awareness because the distributed decision 
makers do not share the common field of work that provides cues and 
reference points for establishing common orientation (Mark 2002). 
CDM across distributed work units requires integrating work activities of 
decisions makers. The entailing coordination is dependent on 
communication (Carmel and Agarwal 2001) because it is particularly vital 
for obtaining information required for making decisions (Smith-Jentsch et 
al. 2001). Moreover, the physical distance can cause misalignment in 
coordinating work activities across work units as the frequency of 
communication is reduced. This is also due to less opportunities for 
informal communication which help establish ‘peripheral awareness’ 
required for determining who is doing what and when during task 
performance (Carmel and Agarwal 2001). Hence, communication is 
particularly vital for establishing mutual understanding required for 
undertaking CDM (Clark and Brennan 1991). The restrictions posed by 
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physical distance in the dissemination of social context cues available make 
the establishment of required shared understanding difficult. Another factor 
affecting this is the heterogeneous nature of work units.  
Effect of Heterogeneity of Work Units on CDM 
Heterogeneity between decision makers in complex work settings arises in 
terms of their expertise, role and responsibility in the work process, 
strategies employed, work practices, access to information, and physical 
location in the work process when they are required to be involved in the 
decision making (Reddy, Dourish and Pratt 2001). While such diversity 
improves performance and strategic decision making during CDM due to 
differing viewpoints, expertise and information processing capabilities of 
different individuals, it also gives rise to drawbacks such as increased 
coordination costs, competing goals, biases, conflicting priorities, 
miscommunication, and misinterpretation (Thomas 1999; Chatman and 
Flynn 2001; Kozlowski and Bell 2003).  The differences between decision 
makers in heterogeneous work units affect mutual understanding of situation 
required for undertaking joint activity. For example, although pilots and air 
traffic controllers work towards the common goal of safe and efficient air 
navigation, the differences between their roles, responsibilities, training, and 
experience can create differences in operational sub-goals and lead to 
conflict (Bearman et al. 2010). 
In order to avoid conflict, shared understanding has to be established 
between decision makers across the different work units involved in task 
performance. However, because of the heterogeneity, establishing common 
understanding of information shared through these artefacts across different 
work units is challenging (Cramton 2001). While much research in CSCW 
has focused on how shared understanding is achieved in collocated settings 
(Suchman 1983; Heath and Luff 1991; Ackerman and Halverson 1998; 
Hughes, Randall and Shapiro 1999; Herbsleb et al. 2000), research 
undertaken in the area of Common Information Space (CIS) has shifted the 
 40 
focus from studying establishment of common understanding in co-located 
settings to geographically distributed settings such as waste water plants, air 
traffic control settings, and oil and gas industry. Based on their work on 
airport ATC operations Fields, Amaldi, & Tassi (2004) suggest that 
although information is shared across the distributed heterogeneous work 
units, their meaning and interpretations are not.  
Coordinating decision making across the heterogeneous work units requires 
decision makers to establish common enough understanding of shared 
information. This is enabled by maintaining CIS across the different work 
units in which the information representation and dissemination artefacts 
have characteristics of ‘boundary objects’ (Reddy, Dourish and Pratt 2001). 
These artefacts are malleable enough to fit local practices and stable enough 
to maintain consistency of information transferred across different work 
units. Hence, they act as ‘coordination mechanisms’ (Berg and Bowker 
1997; Reddy, Dourish and Pratt 2001). Articulating work across 
heterogeneous work units through CIS and such ‘coordination mechanisms’ 
help determine who does what, where and when during CDM (Fjuk and 
Smordal 1997).  
2.3.5. Sequential and Non-Sequential Models 
of Collaborative Decision Making 
Process  
Involvement of more than one individual changes the dynamics of the 
decision making process. Multi-person decision making includes individuals 
identifying potential for collaboration, organizing themselves in a group, 
collectively reasoning, negotiating, and agreeing about appropriate goals 
and the course of action, and committing themselves to a given course of 
action (Karacapilidis and Papadias 2001; Yang et al. 2001; Herrera-Viedma, 
Herrera and Chiclana 2002; Panzarasa, Jennings and Norman 2002; Liu 
2010). This process has been captured in the formal model of CDM 
 41 
undertaken in a group by Panzarasa et al. (2002) which has four stages 
(Figure 2- 2). 
 
Figure 2- 2 : Formal Model of Collaborative Decision Making Depicted by Panzarasa et al. (2002) 
However, this model describes CDM in an idealized world. One of its 
shortcomings is the sequential form which does not reflect the process in 
real world scenarios where decision makers move back and forth between 
the stages. Also, the model depicts the end-point of the CDM process as 
agreement on the course of action to be taken and not the decision made. 
This is in contrast to other approaches where the conclusion is the decision 
on choice of actions (Panzarasa, Jennings and Norman 2002). 
Nevertheless, the model illustrates that while undertaking decision making 
as a collaborative endeavour decisions are the product of a variety of social 
actions and interactions (Panzarasa, Jennings and Norman 2002). 
Corroborating this view, Ellingsen & Mathisen (2011) declare that decision-
making groups communicate and share information, ideally, developing a 
shared understanding of the operation, working in a coordinated fashion to 
achieve the goals. Adler, Baets, & Konig (2011) take similar perspective 
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and consider efficient decision making in a collaborative endeavour to 
depend on both information exchange and synchronization. 
A theoretical framework of CDM (Figure 2- 3) with a focus on consensus 
forming is presented by Kapucu and Garayev (2011). This is based on 
analysis of the Emergency Management Assistance Compact (EMAC) 
system’s response to disasters such as Hurricanes Katrina and Rita in 2005 
(Kapucu, Augustin and Garayev 2009; Kapucu and Garayev 2011). This 
framework integrates four factors (system, environment, capacity, and 
actors) which affect CDM during emergency situations. These factors affect 
the way requirements arising in emergency situations are perceived by 
organizations and the way they perform operations and functions. The 
factors are considered to create a collaborative environment that would 
produce a common decision which is based on consensus achieved between 
actors involved in CDM. However, this framework only presents the factors 
affecting CDM and does not depict its process.    
 
Figure 2- 3 : Theoretical Framework of Collaborative Decision-Making in Emergencies Depicted by 
Kapucu and Garayev (2011) 
Another model which addresses the factors affecting CDM is that of Team, 
Systems, and Environment” (ITSE) Framework (Figure 2- 4). Through this 
Boiney (2004) makes explicit that team decision making and other 
collaborative behavior cannot be characterized in isolation, but rather 
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occur with the support (or hindrance) of tools and as influenced by 
important tasks, goals, and constraints in the decision-making environment. 
This framework is based on complex interactions and interdependencies 
among people, systems, and environment characterising complex dynamic 
military domains and presents the view that team decision making is 
embedded at the intersection of these three components.  
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Figure 2- 4 : ITSE Framework of Team Decision Making Depicted by Boiney (2004) 
Boiney (2004) also declares that while undertaking studies on team decision 
making, all three components of the framework need to be taken into 
consideration which includes: issues relating to the team of human 
operators and their means of coordinating and reaching decisions, 
characteristics of the systems being used in support of collaboration and 
decision making, and characteristics of the environment likely to influence 
the application of technologies and the performance of the team. Indeed, 
team decision making and collaborative behaviour do not take place in 
isolation through just one of the components, rather it is achieved through 
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complex interactions and interdependencies between people, systems, and 
environment.  
The process of CDM has been captured in other research undertakings. For 
example, according to Karacapilidis & Papadias (2001), CDM can be 
addressed through argumentative discourse and collaboration among those 
involved. From this perspective, they state that CDM occurs when 
consensus emerges through a process of collaboratively considering 
alternative understandings of the problem, competing interests, priorities, 
and constraints. A more recent study which demonstrates CDM through 
argumentative discourse is that of Winman & Rystedt (2012). While both 
research undertakings focus on technological support for CDM, Winman & 
Rystedt (2012) investigate the CDM process as it takes place synchronously 
in a co-located setting (meeting room) through face-to-face interaction 
between multiple medical professionals. Whereas, Karacapilidis & Papadias 
(2001) illustrate CDM mediated through a Collaborative Decision Support 
System (CDSS) for distributed asynchronous collaboration.  
Based on studies of inter-professional teams in a hospital ward making joint 
decisions, Winman & Rystedt (2012) depict the process of CDM as 
involving two main phases - briefing and decision making (Figure 2- 5). 
Briefing takes place to develop a general overview of the situation by 
presenting relevant information to team members while decision making 
process involves discussion with the goal of achieving a mutual agreement 
to address the situation.  
 
 45 
 
Figure 2- 5 : Phases in CDM of Multiple Medical Professionals Depicted by Winman and Rystedt 
(2012) 
The process of CDM (Figure 2- 6) commences with briefing which is the 
preparatory phase. During this phase, required information is gathered from 
multiple sources of professional knowledge domains and presented in a 
manner that is relevant and comprehensible to the different members 
involved in CDM. In the hospital ward, a nurse undertakes the briefing and 
presents the case. During the briefing process information is filtered and 
reorganized according to the requirements of those involved. This is 
necessary as the briefing phase is just a point for defining the case and to 
proceed to the decision making phase. It is not intended to be a complete 
description of the situation. Also, the briefing needs to fit in with the time 
schedule, making the process of CDM time-bound.  
The next phase in the CDM process is framing the problem. This involves 
preliminary reconstruction of the patient case through selection and 
transformation of information from the brief. It takes place by team 
members interacting with each other and discussing information presented 
during briefing. This is followed by elaborating the case stage where 
information shared during framing the problem is used for discovering 
current state of events and issues concerning how to respond to present and 
future responsibilities as well as clarifying nature of problems and possible 
course of actions (Winman and Rystedt 2012). This also involves raising 
various questions with respect to the overall goal, contradictory both views 
and information, and reformulating conclusions. The next stage is agreeing 
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on the case in which consensual conclusion of how to understand and frame 
the case and how to proceed with solving the problem takes place. Several 
arguments arise during this process and have substantial impact on the final 
decision which is based on both administrative and professional 
considerations.  
 
Figure 2- 6 : Process of Collaboration Decision Making Depicted by Winman and Rystedt (2012) 
Winman & Rystedt (2012) present how decisions are made dynamically 
through the way information obtained from a global Electronic Patient 
Record (EPR) system is filtered, restructured, assigned locally relevant 
meaning, and recast into pre-embodied patters during the interactions taking 
place in the process of making decisions as a collective. This model 
represents personnel from different teams gathering to engage in the CDM 
process with the explicit aim of arriving at a decision. 
The above conceptualizations of CDM (Karacapilidis and Papadias 2001; 
Kapucu and Garayev 2011; Winman and Rystedt 2012) perceive decision 
making as the end point. This is similar to the conceptualizations of group 
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decision making in which members assemble together with the aim of 
arriving at a decision and the decision made is the end point. Hence, the 
models of CDM arising out of these investigations are sequential in nature.  
In contrast, in the field of Business Management, Nakakawa, Bommel, & 
Proper (2010) presents a non-sequential model of CDM process based on 
studies of Enterprise Architecture development. The entailing concepts, 
relations and sequences for explaining this model is depicted in Figure 2- 7. 
from which it can be inferred that it does not represent CDM as a sequential 
process aimed at arriving at a decision. Nakakawa, Bommel, & Proper 
(2010) take into consideration that a collection of joint decisions are made 
in the course of architecture creation and it is a negotiation process among 
different units. Also, in this case, enterprise development is the focus and 
not decision making as presented in other studies informing the 
conceptualization of CDM discussed previously in which the multiple 
individuals convened with the aim of arriving at a single consensual 
decision.  
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Figure 2- 7 : Theory of CDM in Enterprise Architecture Depicted by Nakakawa, et al. (2010)
2
 
2.4. DISCUSSION AND THESIS MOTIVATION  
The literature reviewed in this chapter establishes current understanding and 
conceptualization of Collaborative Decision Making (CDM). The inference 
from this is that, typically, CDM is viewed as a process of reaching a 
common goal which is also addressed as shared goal. However, researchers 
in CSCW such as Schmidt & Bannon (1991a) criticize this notion and 
contend that the cooperative process of decision making involves interaction 
between goals of multiple individuals which can be of different scope and 
nature. Similarly, others (Sullivan et al. 1999; Cohen, Cash and Muller 
2000) contend that collaboration can take place to achieve adverse goals. 
Nevertheless, this argument can be countered with the knowledge that in 
                                                     
2
 The main concepts relevant to discussions in this thesis have been highlighted in red 
boxes. Nakakawa, et al.( 2010) use arrows to represent sequence of relations between 
concepts and the numbers are used to identify the relationships. 
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real world work settings, the complexity involved in undertaking tasks 
requires work to be distributed and shared between different individuals, 
they are all working towards achieving the same overall goal of successfully 
accomplishing the task. So in that sense, individuals involved in CDM are 
working towards the ‘shared goal’. 
Furthermore, the inference from the literature reviewed in CSCW on 
collaborative work in complex work settings is that decision making in 
complex work settings takes place in a cooperative ensemble of humans, 
artifacts and the environment. The need to function in such an arrangement 
arises due to the mutual dependence of task activities. The argument put 
forth by researchers in this field is that if dependencies did not exist in the 
cooperative ensemble to instigate the requirements for integrating individual 
activities, then the need for collaborative functioning during task 
performance will not arise. Yet, there is a dearth of studies addressing this 
notion in relation to CDM. 
In this research the focus is on CDM across distributed heterogeneous work 
units. Hence, the literature was reviewed to identify the effect of physical 
distribution and heterogeneity of work units on CDM. Physical distribution 
affects CDM mainly in terms of communication and coordination. It enables 
fewer opportunities for direct communication and exchange of socially 
relevant cues which in turn constricts establishment of mutual understanding 
required for CDM. Limited communication permitted by physical 
distribution and the ensuing separation makes difficult the establishment of 
shared understanding across distributed decision maker. Heterogeneity of 
work units, in contrast, affects CDM both positively and negatively. While 
this enables improved performance during decision making, it also leads to 
competing goals, biases, conflicting priorities, miscommunication, and 
misinterpretation. Hence, establishing required common understanding 
during CDM between decision makers belonging to heterogeneous work 
units is challenging.  
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The literature also reviewed models that capture the process of CDM in real 
world settings which confirmed dearth of research in this area. Out of the 
identified models, two frameworks, the ITSE framework of team decision 
making by Boiney (2004) and the theoretical framework of collaborative 
decision making by Kapucu and Garayev (2011) depict factors affecting 
CDM. Three models capturing the process of CDM were identified out of 
which two were sequential models (Panzarasa, Jennings and Norman 2002; 
Winman and Rystedt 2012) and one a non-sequential model (Nakakawa, 
Bommel and Proper 2010). The drawback with the sequential models is that 
they do not reflect the real world decision making process in which decision 
makers move back and forth between the depicted phases during decision 
making. Furthermore, the depictions of CDM (Panzarasa, Jennings and 
Norman 2002; Kapucu and Garayev 2011; Winman and Rystedt 2012) 
present it as a process of forming consensus and arriving at consensual 
decision as the end point in the process of CDM. Whereas, Nakakawa et al. 
(2010) present CDM as a process of conflict resolution involving evaluation 
of alternative course of actions and acknowledge that in real world settings a 
collection of joint decisions are made during task performance. The scarcity 
of theories of CDM and in particular the dearth of investigations of the 
collective form of decision making in CSCW is one of the motivations of 
this research study.  
This research is further motivated from the shift in perception towards 
decision making. In particular, Brown (2005) taking an 
ethnomethodological perspective, questions the dualistic notion of decisions 
taken by rationalistic, descriptive, and naturalistic approaches which 
consider ‘decision’ as an activity taking place within an individual’s minds 
and one that is separate from actions or the work of bodies. Brown argues 
that although there is a growing realization in investigations of decision 
making to consider a wider unit of analysis which is beyond individual 
mental process, the models of human decision making behavior are still 
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simplistic and do not capture the rich ways in which people engage with the 
world during decision making. Furthermore, Brown puts forth the argument 
that decisions are not made in the head, but are instead social objects which 
are used in relationships with others, and perceiving decisions as purely 
cognitive process separates decisions from cognition, and cognition from 
activity. By doing this, decisions are divided from each other and from 
actions which result from decisions. 
Based on the literature reviewed, a decision is considered for the purpose of 
this thesis to be a choice of action made to accomplish a task goal.  The 
literature indicates that making a decision in complex work settings requires 
an understanding of the requirements of the task as well as that of personnel 
involved in undertaking the task, and unfolding its relevance to the choice of 
action. This involves assimilating and integrating information from multiple 
sources and coordinating actions with related personnel. A decision 
therefore is viewed to emerge through social actions and interactions 
involved in undertaking the task.  
Moreover, Hoffman & Yates (2005) argue that most investigations of 
decision making be it from rationalistic, descriptive, or naturalistic approach 
assume that an individual encounters a ‘decision point’ and a choice has to 
be made. Hoffman & Yates (2005) state that the typical notion of ‘decision’ 
is that of final-stage, final-point or final-action that brings a series of events 
to ‘point-like conclusion’ and as a mental event occurring at a singular 
point in time. They argue that it is more than the final point and that the 
process of deciding is not about only arriving at a single decision. Instead, it 
entails a host of work activities that are interactive and parallel. 
Furthermore, decision making during task performance entails a number of 
component decisions each of which could be unpacked.  
Similarly, Brown (2005) contends that decisions should be perceived as how 
people use decisions to organize their activity and not necessarily as just 
choice points that entail cognitive work in order to make a selection. Brown 
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considers decisions to be ‘social objects’ which can be used to structure 
collaboration. So instead of regarding decisions to be embedded in the mind 
of individuals, they are seen as devices that can help to coordinate activities 
in a work process. Decisions can act as mechanisms to implement many 
features of collaborative work such as coordinating social interaction, 
accounting for activities, structuring communication, coordinating the right 
resources for performing the task, and predicting future events. While 
Brown concedes that an important aspect of decision making involves 
thinking, calculation, expressing preferences and evaluation, he declares that 
this is combined with social interactions that take place during the process 
of making decisions. Hence, decisions are embedded in the social 
interactions. Alby and Zucchermaglio (2006) also take an 
ethnomethodological approach and further our understanding on decision 
making in a natural work setting through the following findings: decisions 
are embedded in social practices, work practices shape decisions, and 
decisions are distributed processes.  
Hence, it can be inferred that paralled to the traditional view of decisions 
and decision making being a mental process, currently it is perceived as 
something that is embedded and embodied in social interactions. Such a 
perception towards decisions and decision making is still in the making and 
early developmental stages. For example, although research in NDM 
emphasis the importance of situational parameters and individual expertise 
in decision making, and the proliferation of research in NDM towards 
‘macrocognition’ which includes social aspects such as coordination 
(Schraagen et al. 2008), decision making is still viewed as a cognitive 
process. Even when researching CDM in teams, the focus is on sharing 
individual cognitive constructs.  
In addition, although investigations of CDM in groups focus on the social 
aspects such as group dynamics, information sharing and forming 
consensus, it takes the view of decision as the endpoint in the process. 
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However, during the actual work performance, a series of interrelated 
decisions are made and decision making is an ongoing process. Of late, 
there is growing realisation that in actual work practices of the real world 
complex work settings, there is another facet of decision making which is 
not explicitly and clearly identifiable as decision making, and is embedded 
within work practices and social interactions (Alby and Zucchermaglio 
2006). More research is required to develop this viewpoint which is yet to 
be explored, particularly in CSCW. The need for developing 
conceptualizations of CDM that reflect this shift in perception forms another 
motivation for this research study. 
2.5. SUMMARY 
The literature review presented in this chapter has covered studies and 
concepts from a number of research disciplines. The purpose of the review 
of has been twofold: first to provide a background for understanding the 
nature of work performance in the complex settings of the real world and 
how existing conceptualizations depict CDM in such settings. Secondly, it is 
intended to raise the limitations and gaps in existing notions of CDM to be 
addressed in this research through which contributions can be made towards 
clarifying and extending prevailing knowledge.  
Founded in the field of CSCW, this research investigates CDM undertaken 
by distributed decision makers belonging to heterogeneous work units in a 
complex work setting. The aim of this research is to develop a theory of 
CDM which addresses the recent shift towards perceiving decision making 
as situated, embedded, and embodied in social interactions. Hence, the 
conceptualization of CDM is derived from studies of real world complex 
work settings and is not structured by the reviewed theoretical frameworks. 
Moreover, the argument put forth in this thesis is that investigations of 
CDM need to move away from the typical cognitive and ‘choice-point’ 
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perception towards decision making in order to reflect the way it actually 
occurs during task performance in real world work settings. This research 
has attempted to steer the field of CSCW towards such a direction by 
considering key alternative assumptions based on the current shift in 
perception towards decision making. In particular, these  include a) decision 
making is not purely an individual cognitive process, but integrated with 
social processes, and b) decision making is not a ‘choice point’ event, but 
situated, embedded and embodied in work activities involved in task 
performance. Based on these aims and assumptions the question driving this 
research is 
How do people in a complex heterogeneous working 
environment make decisions collaboratively? 
The following chapter describes the choice of appropriate research 
methodology to facilitate this undertaking.  
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CHAPTER 3 
 
RESEARCH METHODOLOGY  
3.1. INTRODUCTION 
The aim of this research is to explore, conceptualize and develop a 
theory of Collaborative Decision Making (CDM) taking place in 
complex real world work settings. The previous chapter discussed 
existing works related to this research, presented an overview of work 
performance in the conditions of such settings, and identified 
discrepancies in the current conceptualizations of CDM. This chapter 
explains the methodological procedures as well as the data collection and 
analysis techniques employed to undertake the study. Specifically, it 
presents the rationale for choice of interpretive approach and Grounded 
Theory Methodology (GTM) for carrying out the research and 
developing the theory of CDM. Field studies undertaken in the airport 
setting of Air Traffic Control (ATC) operations are described.  
3.2. SELECTION OF QUALITATIVE RESEARCH 
An important aspect of any research, whether testing existing theory or 
developing a new one, is the approach taken in arriving at the final 
product. The choice of methodology hence is an integral part of the 
research process as it provides a suitable framework and influences the 
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corresponding study design, data collection and analysis methods, and 
how the results or findings are presented (Myers, 1997; Schwandt, 
2001). 
For the purpose of this research it is assumed that social reality does not 
exist independently of individual actions. Instead, reality is subjective 
and becomes meaningful to people because of their actions and 
interactions (Erickson 1993; Harrison and Dourish 1996; Dourish 2004; 
Brown 2005). The way people perceive the social world depends on the 
features of its setting (context) and the way they engage themselves 
with that setting (practice) (Nova 2003). In order to comprehend the 
socially constructed reality, work activities are studied ‘in situ’ by 
exploring everyday work practices, as illustrated by the seminal works 
of various investigators (Suchman 1987; Lave and Wenger 1991; Malone 
and Crowston 1994; Hutchins 1995; Schmidt and Simone 1996). 
The goal of this thesis is not to quantify the behavior of personnel 
during CDM but to gain in-depth understanding of the way they 
undertake it during task performance and conceptualize it. Additionally, 
this research does not aim to test prior theories or hypothesis through 
objective accounts of CDM but is aimed at generating a new theory  
through subjective understanding of work performance in a specific 
context. Therefore, qualitative methodology was chosen (Lincoln & 
Guba, 1985; M. O. Patton, 1980). This is an appropriate approach for 
studying complex work settings as it provides open and flexible 
methods and techniques for exploring the intricate characteristics of 
work performance. Furthermore, it enables direct study of social 
interactions and behaviour of people in their actual work environment 
(Creswell 2007, pg. 37). This will allow the characteristics of CDM to 
emerge from the natural course of work performance in real world 
settings instead of placing it within pre-determined questions, 
conditions or theoretical framework in controlled conditions.    
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3.3. SELECTION OF GROUNDED THEORY 
METHODOLOGY 
The choice of qualitative methodology influences the research study 
design (Creswell 1998). There are various such methodologies including 
Grounded Theory, Ethnography, Action Research, Phenomenology, 
Discourse and Conversational Analysis, and Case Study. They are 
suitable for different purposes and are employed depending on the 
research goals, what is being investigated, and how. 
The goal of this study is to generate a theory of CDM based on 
exploration of its occurrence in real world conditions for which 
Grounded Theory Methodology (GTM) was considered to be suitable. 
One of several reasons for this choice is that the methodology places 
emphasis on the social construction of reality which arises from its 
philosophical foundation in Symbolic Interactionism (Blumer 1986; 
Goulding 1998; Goulding 1999; Blumer 2005). Hence, the approach of 
GTM towards interpretive research is to understand how the behaviour 
of studied people is shaped through social interactions in a particular 
context (Aldiabat  and Le Navenec 2011). The aim of GTM then is to 
discover and conceptualize the essence of complex social interactional 
processes with respect to a particular phenomenon (Glaser and Strauss 
1967). 
Moreover, GTM is principally aimed at theory development. The core 
of this methodology is emergent theory generation grounded in the data 
collected (Glaser and Strauss 1967). It provides a systematic process for 
generating theory from data which itself is systematically obtained. 
This includes continuous interplay between the data collection and 
analysis as well as flexibility in inclusion of sample and data analysis 
(Glaser and Strauss 1967; Glaser 1978; Glaser and Holton 2004b). In 
addition, GTM offers a suite of procedures to follow from start to end 
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of theory development. Another reason for choosing GTM is that it 
differs from the typical descriptive, thematic analysis attribute of other 
approaches to qualitative research such as Ethnography, Action 
Research, Case Study, and Phenomenology by being less descriptive 
and more favourable to conceptualization (Baker, Wuest and Stern 1992; 
Glaser and Holton 2004a) as it focuses on abstraction of time, place, and 
people to generate concepts and set of plausible hypothesis to explain 
human behaviour (Glaser 2002b). 
3.4. INTRODUCTION TO GROUNDED THEORY 
METHODOLOGY 
Grounded Theory Methodology (GTM) was developed by Barney 
Glaser and Anselm Strauss in the 1960s to provide steps and offer 
guidelines for theory generation (Glaser and Strauss 1967; Strauss and 
Corbin 1998). Glaser and Strauss wanted to encourage a methodology 
for theory generation that provides underlying principles to be adhered 
to but with the flexibility to modify the details of the procedure to suit 
the research needs (Larossa 2005). However, this has resulted in 
different interpretations and lack of consistency in the application of 
GTM. Glaser and Strauss later separated in their approach which 
resulted in two dogmas of the same methodology. The validity of each 
has been the subject of much debate as exemplified in Theoretical 
Sensitivity (Glaser 1978), Basics of Grounded Theory Analysis (Glaser 
1992), Qualitative Analysis for Social Scientists (Strauss 1987), and 
Basics of Qualitative Research (Strauss and Corbin 1990; Strauss and 
Corbin 1998). This has developed into two main streams known as the 
Glaserian (also known as classical Grounded Theory) and Straussian 
schools of GTM. 
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The difference between the two approaches to employing GTM is in the 
execution style and terminology with Glaser advocating interpretive, 
contextual, and emergent approach to theory development whilst 
Strauss presenting a complex, highly structured process, and a paradigm 
that imposes a conceptual framework for data analysis. The main 
difference between the two approaches, according to Glaser (2001) is 
that his approach to Grounded Theory results in emergent theory 
generation whereas Strauss’s approach forces theory from data. Other 
differences arise in terms of framing and use of research questions, 
approach to coding data, approach for generating theoretical 
framework, and the role of the researcher (Glaser 1992). Moreover, few 
other variations of GTM have arisen (Schatzman 1991; Clarke 2005; 
Charmaz 2006) leading to further versions of the methodology. 
Therefore, people employing GTM now have to choose between the 
two schools of thought and between other variations.  
In this research, both Glasarian and Straussian approaches were 
implemented in the initial stages of the study. Subsequently, a decision 
was made to adopt the former approach only since it was simpler and 
less demanding on adherence to structure for data analysis, and 
presented greater potential to generate theory. Although, the Straussian 
approach seemed to present clearer guidelines, it made the analysis 
more cumbersome and difficult. Also, it was difficult to move from 
coding the data to theory development because of a large number of 
codes emerging through this process. The ‘paradigm model’ offered by 
Strauss for drawing relationships between concepts were restrictive 
whereas the ‘theoretical coding’ families prescribed by Glaser provided 
scope for flexibility and seemed to facilitate conceptualization. This 
study has tried to stay within the general guidelines prescribed by 
Glaser for employing GTM, but has adapted the use of prescribed 
procedures to develop the theory of CDM.  
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Theory generation through GTM can be informed by any activity that 
yields data (Glaser and Strauss 1967; Glaser 2002b). However, the most 
common techniques employed for data collection are interviews and 
participant observation (Glaser and Strauss 1967). Furthermore, the 
methodology is founded on the notion that generating useful concepts 
and theories of social behaviour requires familiarity with the specific 
setting in which it occurs (Huberman and Miles 1994). Therefore, field 
studies are considered to be appropriate means of collecting data to 
develop the theory of CDM as it focuses on exploring human behaviour 
in naturally occurring conditions (Cohen and Bailey 1997). The 
combination of GTM and field studies is suggested to be highly 
compatible (Robrecht 1995; Pettigrew 2000). In addition, the suitability 
of such methods and techniques in investigating work performance in 
natural settings is evident from its extensive usage in ‘workplace 
studies’ of CSCW research.   
Air Traffic Control (ATC) was chosen as the domain of study with an 
Airport as the field study site since ATC work settings embody the 
characteristics of complex work settings. The complexity in these 
settings is characterised by the involvement of multiple personnel 
distributed in time and space, critical nature of work in terms of human 
and pecuniary safety, time pressure involved in undertaking work 
activities, and constantly changing work environment (Mongford et al. 
1995; Berndtsson and Normark 1999; Koros et al. 2003; Hilburn 2004). 
Moreover, work activities of people involved in the ATC operations are 
interrelated which requires them to operate in collaboration with each 
other. The work process also requires people to make complex 
judgements and decisions in order to accomplish tasks. Hence, ATC 
provides an appropriate setting for undertaking this field research.  
A general background of ATC operations and description of the Airport 
in which the field study was conducted is presented below. It is 
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undertaken with the intention of establishing the milieu for discussion 
of analysis of data collected through the field study.  
3.5. FIELD STUDY SITE DESCRIPTION 
The airport is a vastly distributed work setting with vital placement in 
the ATC process. Work activities involved in ATC operations at the 
airport are distributed among multiple personnel who operate from 
different work units, are dispersed in and around the airport, need to 
function jointly, and are supported by myriad of technical artefacts. 
Also, decision making is an important aspect with decisions made by 
personnel in the distributed yet interrelated setting affecting each 
other’s work activities.  
3.5.1. Air Traffic Control (ATC) Operations: 
An Overview 
The main aim and purpose of the civil Air Traffic Control (ATC) is to 
provide safe and efficient means of transportation for people while 
being cost effective for the organization providing the service. Aircraft 
safety is maintained by restricting the movement of aircraft within a 
Controlled Airspace (CAS) in air and in a restricted space on land at the 
airport. Aircraft movement is controlled through the enforcement of 
regulations by ATC Officers (ATCO). The main role of ATCO is to 
maintain safe separation between aircraft according to internationally 
agreed standards, and guide its movement on land at the airport and in 
the airspace between airports.  
One or more air traffic controllers are responsible for aircraft movement 
within the airspace from ground upwards which is divided into sectors. 
As an aircraft travels through the divided space, it is monitored by the 
controllers who guide its movement by giving instructions to the 
aircraft pilots. When an aircraft leave an airspace division and move 
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into another division, the air traffic controller hands over control of the 
aircraft to the controller responsible for the next airspace division. 
Every aircraft flight follows a typical profile as given below (Figure 3- 
1) 
 
 
 
Figure 3- 1: Typical Profile of Commercial Aircraft Flight 
Pre-flight Starts on the ground and includes flight checks, push 
back from the gate, and taxi to the runway. 
Take-off Aircraft pilot powers the aircraft, speeds down 
runway and aircraft lifts off the ground. 
Departure The aircraft climbs to cruising altitude. 
En-Route Aircraft travels through one or more controlled 
airspaces and nears the destination port. 
Descent Pilot descends and maneuvers the aircraft to 
destination airport. 
Approach Pilot aligns aircraft with the designated landing 
runway. 
Landing Aircraft lands on the designated runway, taxis to the 
destination gate, and parks in the terminal parking 
area. 
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A number of work units are involved in controlling the movement of 
aircraft through these phases of flight as depicted in (Figure 3- 2). 
 
Figure 3- 2 : Air Traffic Control Work Units Managing Aircraft Movement at Different Phases of 
Flight 
The Control Tower and Operations Centre are located in the airport 
whereas the Approach Control is outside the airport. There are also   
other work units located at different geographical locations from which 
air traffic controllers manage the movement of aircraft en-route from 
the source to the destination airport. The space managed by each of 
these work units is given below. 
 
  
Tower 
Controller 
Aircraft movement on land between 3 to 5 miles 
around the runway. This involves operations related to 
aircraft parking, landing, and takeoff.  
Ground 
Controller 
Movement of aircraft on the Taxiways betwen the 
parking stand in the Apron area and holding point near 
the Runway. Directs movement of people and  ground 
vehicles on the Taxiways. 
Apron 
Controller 
Movement of aircraft and ground vehicles in the Apron 
area of the airport. 
Approach 
Controller 
Air traffic flowing into and out of the airport up to a 
minimum of 30 miles from the airport.  
En-route 
Controller 
Air traffic movement upwards in the airspace from a 
minimum of 30 miles from the airport.  
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3.5.2. Airport Work Setting Description 
The field study was conducted at an international airport in London, 
UK. The area at the airport where aircraft movement takes place is the 
Runway (used for aircraft takeoff and landing), Taxiways (pathway for 
moving aircraft and other vehicles to and from the Runway to the Apron 
area and other facilities), and Apron area (site used for parking stand, 
loading, unloading, fuelling, and maintenance of aircraft) (Figure 3- 3). 
This is a single runway airport, hence takeoff and landing of aircraft has 
to be alternated. Aircraft entering and leaving the Runway have to wait 
at “holding points” on the Taxiways to obtain clearance from the air 
traffic controllers in the Control Tower for further manoeuvre.  
A number of agencies are involved the management of safe and 
efficient movement of aircraft and are located both within and outside 
the airport (Figure 3- 4). Those located within the airport are various 
Airlines who have their own Hangers3 in the Apron area. There are two 
Handling Agencies at the airport, which take care of various service4 
requirements of an aircraft and associated Airlines. These services are 
provided to aircraft during movement on the ground at the airport and 
when parked on the stand in the Apron area.  
 
 
 
 
 
 
                                                     
3 Enclosed area used for aircraft repair and maintenance. 
4
 Cabin, Catering, Passenger, and Ramp Service 
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5
 
 6 
 
Figure 3- 3: Runway, Taxiways, Holding Points and Apron Area Layout at Studied Airport7 
                                                     
5 http://www.repulojegyutazas.hu/london-repuloterei-heathrow-luton-gatwick-stansted-
london-city/ 
6
 http://www.simflight.com/2011/05/27/eiresim-reveals-london-luton/ 
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The Control Tower and Operations Centre are two work units at the 
airport, which manage the movement of aircraft and ground vehicles on 
and around the Runway and Taxiways. The Engineers are located below 
the Control Tower and are responsible for maintenance of all systems 
on and around the Runway and in these work units. Other agencies 
operating in the airport include the airport management authority, fire 
station, medical service, and police service. The pilots of aircraft are 
another work unit located either within the airport or outside, depending 
on their location during flight. Agencies which are located outside the 
airport, but integral to its operations are the Central Flow Management 
Unit (CFMU), London Terminal Control Centre (LTCC), Met office 
(MET), and other airports.  
 
Figure 3- 4 : Work Units Identified in Airport ATC Operations during Field Study 
These agencies together form a network of work units which function 
jointly to provide safe and efficient means of air transportation for 
people. They serve different purposes and are involved in various 
                                                                                                                                       
7 Obtained from Field Study Site 
Work Units outside the 
Airport 
Work Units within the 
Airport 
•CFMU 
•LTCC 
•MET 
•Other Airports 
•Aircraft Pilots 
•Control Tower 
•Operations Centre 
•Workshop Engineers 
•Ground Staff 
•Airline Handlers 
•Aircraft Pilots 
•Fire Station 
•Medical Service 
•Police Service 
•Airport Management 
Authority 
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aspects of ATC operations. Hence, the work units have diverse goals 
and activities, and entail personnel with distinct expertise and 
responsibilities. The agencies are governed by international standards 
and rules which have to be followed during ATC operations. The work 
units are dispersed in space and time, and associated personnel can be 
either stationary or mobile.  
The Control Tower and Operations Centre were identified as 
appropriate work units for undertaking this field study at the airport. 
Work carried out at these two units is integral to ATC operations and is 
closely integrated with the work activities of others. Hence, they 
provide an appropriate location to investigate work performance in the 
airport ATC setting. Involvement of personnel from other work units in 
ATC operations is perceived in relation to the work activities at the 
Control Tower, Operations Centre and aircraft Pilots. An overview of 
the different personnel, their responsibilities and operations undertaken 
from different work units in and around the airport is presented below 
whereas a detailed description of the same is given in (Appendix 1). 
Control Tower  
The Control Tower (Figure 3- 5) is located near the Runway higher than 
all the other buildings in the airport and is surrounded with glass 
window to allow visual surveillance of the area surrounding it. 
Personnel in the Control Tower manage the aircraft movement on the 
Runway and Taxiways as well as in the airspace around the airport. 
Aircraft can be maneuvered into this space by the pilots only with 
direct permission from the controllers in the Control Tower. This also 
applies to drivers of other vehicles requiring use of the Runway and 
Taxiways. 
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Figure 3- 5 : Control Tower at Studied Airport8 
There are up to five air traffic controllers (Figure 3- 6, Figure 3- 7) 
working in the Control Tower at a time on a shift-basis. When the study 
commenced there were three positions within the Control Tower. They 
are: the Assistant, Tower Controller (TC), and Ground Controller (GC). 
During the later stages of the study, another position was included, 
called the Ground Planner (GP) to assist the GC. There is also a 
Supervisor’s position, but this is not occupied at all times. There was 
also a move from paper Flight Progress Strips (FPS) to Electronic FPS 
(EFPS) in the during of this field study.  
 
Figure 3- 6: Personnel Functioning in the Control Tower 
The primary function of the Assistant is to ensure that safety of arriving 
and departing aircraft is maintained by providing required information 
to the GC and TC in the Control Tower at the right time. In addition, the 
                                                     
8 Field study data 
Air Traffic 
Controllers in  
Control 
Tower 
Tower 
Controller 
Ground 
Controller 
Ground 
Planner 
Supervisor 
Assistant 
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Assistant has to coordinate various activities with other agencies in the 
airport such as the accident services, maintenance services, weather 
office, apron control, pilot inquiries, and accounts department.   
 
Figure 3- 7: Arrangement of Personnel Working in the Control Tower 
The TC manages aircraft movement on the Runway and airspace 
surrounding the airport. The TC’s main role is to issue clearance and 
instructions to aircraft pilots for takeoff and landing, and to ground 
vehicles requiring movement on the Runway. In contrast, the GC 
manages aircraft and other vehicle movement on the Taxiways and 
Apron area, except on the Runway. The GC issues clearance for 
departing aircraft pilots, taxi instructions to landing and departing 
aircraft pilots, and issues permission and instructions for ground 
vehicles drivers requiring movement on the Taxiways. The GP is 
positioned next to the GC in the Control Tower. With the inclusion of 
the additional position of GP, the first point of contact for pilots of 
departing aircraft is the GP instead of GC. GP position is active in the 
Control Tower only during peak hours in the morning, between 6.30 
a.m. and 8.30 a.m., to assist the GC to plan and execute the departure 
sequence of aircraft from the airport. 
Operations Centre 
The Operations Centre is located in the airport next to the Control 
Tower. It was set up to integrate various operational facilities such as 
apron management and control, security, public information services, 
and passenger transportation into a single facility to improve 
A 
TC 
S 
GP 
GC 
A-Assistant 
S-Supervisor 
GP-Ground Planner 
GC-Ground Controller 
TC-Tower Controller 
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operational services. There are three positions in the Operations Centre 
(Figure 3- 8) : Assistant, Arrival Controller (AC) and Departure 
Controller (DC) (Figure 3- 9). 
 
Figure 3- 8 : Arrangement of Personnel Working in the Operations Centre
9
 
The Assistant is positioned at the switchboard whose primary function 
includes receiving information and passing it to relevant people within 
and outside the airport, answering queries about airport operations 
(both from the general public and personnel involved in airport 
operations), and maintaining a log of day-to-day events occurring at the 
airport. The Assistant performs various other functions in the 
Operations Centre such as updating weather information, attending to 
customer complaints, assisting the AC and DC, managing the access 
control systems, coordinating activities with security and emergency 
services, updating information to be displayed in the airport website, 
and making boarding calls, sending security messages, and ad-hoc 
announcements for passengers in the airport terminal.  
                                                     
9
 Picture obtained from http://guohengiv.com/business_airports_luton.htm 
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Figure 3- 9 : Personnel Functioning in the Operations Centre 
The AC is mainly concerned with allocating the parking stand for 
inbound aircraft and coordinating activities with the DC. Another 
responsibility of the AC is to record information about aircraft flight 
status, such as estimated and actual landing time of arriving aircraft, 
flight cancellation, technical problems, and delay in aircraft arrival. 
This information is then sent to the airport management, accounts 
department for billing, and flight information displays in the terminal 
area by the Assistant. The DC in contrast, manages the preparation 
required for departing aircraft such as checking the departure slot time, 
verifying if the aircraft is departing on time, and updating information 
about the parking stand occupancy. Also, the DC is responsible for 
recording the estimated and actual aircraft departure times into the 
computer system to be used for displaying this in the flight information 
displays located in the airport terminal and for notifying the accounts 
department. Moreover, the DC coordinates the movement of aircraft in 
the Apron area with the ground staff and handling agents.  
Approach Control  
The Approach Control (Figure 3- 10) is the London Terminal Control 
Area (LTMA) located outside the airport. The airspace controlled by 
LTMA is divided into two groups – North and South. Based on the 
studies conducted in the Control Tower and Operations Centre, the 
following personnel were identified to be operating in the LTMA. There 
Air Traffic 
Controllers in 
Operations 
Centre 
Assistant 
Arrival 
Controller 
Departure 
Controller 
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are three controllers (Radar Controller, Coordinator and Assistant) each 
in the North and South sectors and are known as Terminal Controllers. 
In addition, there are two Approach Controllers (Radar and Director) as 
well as a number of controllers known as En-Route Controllers who 
manage air traffic in different sectors of the airspace.  
  
Figure 3- 10 : Approach Control (LTMA) 10 
Aircraft approaching the London airports are handed over to the 
Terminal Controllers by the En-Route Controllers. The former are 
responsible for controlling aircraft movement in their respective 
airspace sectors and arrange the sequence of aircraft flowing into and 
out of the London airports. The Approach Controllers then determine 
the landing sequence of aircraft arriving into the studied airport in 
coordination with the TC in the Control Tower (Figure 3- 11).  
 
Figure 3- 11 : Types of Controllers in LTMA 
The sequence is reversed for aircraft departing from the airport. The TC 
in the Control Tower hands over control of aircraft movement to the 
Approach Controllers which is then passed onto the Terminal 
                                                     
10 Picture obtained from http://www.ccd.org.uk/swanwick_atc.php  
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Controllers and En-Route Controllers. In this research, since work 
activities of personnel in the Approach Control were observed while 
conducting the study from the Control Tower and Operations Centre at 
the airport, information obtained about the Approach Control was in 
relation to the work activities of these two work units. The descriptions 
presented here are hence somewhat limited.  
Other Work Units 
The pilots flying the aircraft are required to communicate with the air 
traffic controllers from different work units during various phases of 
flight from the source to the destination airport. They also need to 
consult the flight dispatcher and the Met office before departing. Every 
aircraft using the airport services has a Handling Agent to which the 
airline subcontract ground handling of its aircraft. The Handling Agent 
takes care of the service requirements for the aircraft. The maintenance 
engineers provide their services such as installation of new systems, 
maintenance and repair of equipment and computer systems in the 
airport including the Control Tower and Operations Centre. The ground 
staff include ramp agents who perform various functions in the aircraft 
parking stand such as ‘pushback’ for departing aircraft from the 
terminal gate, guiding arrival aircraft with hand signals and flash lights 
to position it in the gate, check the wheels of the plane after it halts, and 
guiding the Jetbridge to the aircraft door, towing aircraft to and from 
the parking gate, and baggage handling. Moreover, there are various 
emergency services operating in the airport such as the fire station, 
security, and medical services. 
Nonetheless, a number of technical artefacts facilitate personnel 
working in these work units. A description of the artefacts utilized by 
controllers functioning in the Control Tower and Operations Centre is 
described in Appendix 1. 
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3.5.3. Cooperative Work Arrangement, 
Collaborative Work and Decision Making 
Personnel involved in the airport ATC operations function in different 
work units, are distributed, manage various aspects of work 
performance and have their own expertise, authority, work practices, 
goals, and responsibilities. However, in order to carry out the activities 
of the tasks, they have to cooperate and coordinate with others both 
within and across work units. A number of technological artefacts 
facilitate and mediate communication and coordination between 
personnel involved in the ATC operations. Considering that the work 
environment is dynamic, activities in task performance, including 
collaborative work and decision making, is taken in real-time.  
Collaborative work and decision making in airport ATC Operations is 
explored in this study through three primary tasks: aircraft arrival, 
departure and maintenance. Undertaking these tasks requires 
involvement of various personnel from different work units, both within 
and outside the airport. This is illustrated through a description of joint 
work performance involved in managing the movement of an aircraft 
arriving into the airport.  
The En-Route Controllers in the LTMA direct arriving aircraft to 
different levels in the airspace above the airport and then hand over its 
control to the Terminal Controllers. The latter then hand it over to the 
Approach Controller (Radar) as the aircraft approach the ‘holding 
stack’11. The Radar Controller guides the pilot of the arriving aircraft 
into the holding stack and directs its movement in the stack pattern. The 
Director in the Approach Sector then controls the movement of aircraft 
as it exits the holding stack and is responsible for organizing the 
sequence of aircraft approaching the airport. When the aircraft pilot is 
                                                     
11 Area in the airspace with a pre-defined track pattern where aircraft fly in circles until 
given clearance by the air traffic controllers to exit the pattern and approach the airport. 
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ready to exit the holding stack, control is then handed over to the Tower 
Controller in the Control Tower of the airport.  
Personnel working in the Control Tower of the airport are responsible 
for guiding the landing of arriving aircraft on the Runway and its 
movement on the Taxiway until it reaches the parking stand in the 
Apron area. The Assistant in the Control Tower has to print the Flight 
Progress Strip (FPS) half an hour before the aircraft arrives, write the 
parking gate number provided by the Operations Centre, set the FPS in 
the arrival strip holder12 and then place it on the Tower Controller’s 
(TC) holding bay. Ideally, this would be done before the arriving 
aircraft makes contact with the TC. However, this  was not always the 
case as observed during the field study. Sometimes, the Assistant is 
unable to provide the FPS to the TC before the aircraft makes contact. 
In these circumstances, the TC continues to perform the required 
operations without the FPS by using only the Radar and verbal 
communication with the pilot of the arriving aircraft. The parking gate 
number is provided by the Arrivals Controller in the Operations Centre 
through the Flight Schedule computer system. If the number is not 
available in the system at the required time, the Assistant has to 
telephone the Operations Centre to obtain it verbally.  
The Tower Controller (TC) in the Control Tower of the airport guides 
the movement of air traffic approaching the airport (by maintaining a 
separation of eight miles on average between the aircraft) and landing 
them on the Runway. The pilot of the arriving aircraft makes contact 
with the TC in the Control Tower at an average distance of six miles 
from the airport. Control of guiding its movement is then transferred to 
the TC after which the TC annotates the FPS with an ‘A’ (Figure 3- 12). 
The TC then gives the aircraft Pilot clearance to land and the Taxiway 
                                                     
12
 Strip holders are color coded with arrival aircraft strip holder in blue while that of 
departing aircraft in orange 
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number to exit the Runway. The TC has to coordinate with the Ground 
Controller (GC) in the Control Tower to ensure that the departing 
aircraft are not using the Taxiway. 
When the aircraft lands on the Runway and reaches the Taxiway, the TC 
gives the aircraft pilot clearance to leave the former and move onto the 
latter, hands over control of the aircraft to the GC, and then crosses the 
‘A’ on the FPS. Once the TC hands over control of the arriving aircraft 
to the GC he places the FPS into the blue box on the floor.  
 
Figure 3- 12 : Annotation of Flight Progress Strip (FPS) by Tower Controller in Control Tower 
The GC then gives clearance to the aircraft pilot to move from the 
Runway to the Taxiway. The Assistant takes the strips from the blue box 
and enters information such as the arrival time and parking gate number 
into the computer system which is used to log information about airport 
usage to be sent to the billing department. When the aircraft reaches the 
parking stand, the maintenance engineers perform a safety check.  
The above example demonstrates that performing the task of 
manoeuvring aircraft arriving into the airport involves a number of 
personnel at different stages of its movement. This requires 
collaborative work performance, including cooperation, coordination 
and communication. Moreover, decisions have to be made by personnel 
at each stage of aircraft movement. For example, controllers in the 
LTMA, Control Tower and Operations Centre have to make decisions 
about spacing and sequencing of arriving aircraft in the airspace above 
the airport through to its landing on the Runway and onto the Taxiway 
until the aircraft reaches the parking stand in the Apron area. In relation 
to this, further decisions have to made about instructions to be given 
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and information to be transferred to the aircraft pilots and other 
controllers, and actions to be performed individually and in 
coordination with that of others. Decisions include that which are made 
individually and jointly with other personnel both within and across 
work units. Therefore, a number of decisions need to be made by 
different personnel at different points in the course of aircraft arrival. 
The nature of collaborative work and decision making in this setting is 
depicted in the data collected from the field studies which are presented 
in the ensuing discussions in this thesis.  
3.6. DATA COLLECTION METHODS AND 
PROCEDURES 
Data was collected over three phases in this study. The first and second 
phase studies were conducted in the Control Tower at the airport while 
the third phase studies were undertaken in both the Control Tower and 
Operations Centre.  During the field studies, data collection took place 
through a combination of interviews, think-aloud protocol with 
concurrent probing, observation and document analysis.  
Such a triangulation of data through interviews, observation, and 
documentation is considered to be advantageous because it facilitates 
validating and comparing consistency of information obtained from the 
study site besides gaining additional perspective on key issues (Mays 
and Pope 1995; Patton 1999; Corley and Gioia 2004). Also, using 
concurrent protocol in conjunction with observation makes the data 
more reliable. Data collected include organizational documents and 
photographs of the study site and information obtained from the 
literature about the studied domain. The following sections describe the 
deployment of these techniques.  
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3.6.1. Interviews 
In this study, semi-structured, in-depth interviews were chosen to gather 
data from air traffic controllers in the Control Tower and Operations 
Centre at the airport. This technique was particularly suitable because 
the field of work is a dynamic environment, and the interview questions 
needed to be adapted to the changing context of work in order to 
capture the essence of the air traffic controller’s experience and 
behaviour in their natural work environment. The strategies involved in 
undertaking semi-structured interviews were to ask open-ended 
questions about the interviewees activities in relation to the key topics 
covering this research, and to allow discuss this at length it from their 
perspective. Planned (Appendix 2) and unplanned probes were 
employed to uncover their behaviour and experience during task 
performance. In addition, note taking was employed while conducting 
the interviews.  
All the interviews were tape-recorded with the interviewee’s permission and 
later transcribed verbatim anonymously for analysis, an example of which is 
given in (Appendix 4). Furthermore, the air traffic controllers were 
informed of the voluntary nature of their participation and right to withdraw 
at any point.  
3.6.2. Concurrent Protocol 
The semi-structured interviews were supplemented with concurrent 
verbal protocol (think-aloud) (Ericsson and Simon 1980; Fonteyn and 
Fisher 1995; Cabello and O´Hora 2002). The interviews were mostly 
conducted whilst the interviewees were undertaking their work 
activities and were asked to talk about what they were doing in relation 
to the task at hand. This helped to obtain insight into the interviewee’s 
understanding, goals, intentions, expectations, and judgement during 
everyday task performance. However, the drawback of using this 
technique is that it can cause strain on the interviewees as they have to 
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think, talk, and attend to the work being carried out at the same time 
(Young 2005). This was addressed during data collection by the 
interviewees pausing to do their work when it effected their activities 
and then resumed the conversation when convenient. They displayed 
this behaviour instinctively, when either the workload increased or the 
work required increased concentration. In case the interviewees 
digressed from what they were talking about, probes were used to re-
focus the talk. Although thinking aloud may slow down the primary 
task performance, the participants perform the primary task well 
whether or not they provide the verbal reports (Bowers and Snyder 1990; 
Ericsson and Simon 1993; Ericsson 2006).  
3.6.3. Observation 
Another technique for data collection is observation which involves 
actively looking, listening and recording events, human behaviour and 
usage of artifacts in order to ascertain what is actually happening in the 
studied setting. This includes understanding how personnel engage with 
each other, artifacts and surrounding environment during their work 
activities, checking for nonverbal expressions and determining how 
various activities are conducted during task performance. The 
advantage of performing observational studies in a naturalistic setting is 
that it facilitates gaining first hand experience of the nature of work 
performance and understanding the context in which it takes place. It  
helps to capture human behavior and experience within the context of 
work activities and those that might have been overlooked or 
unavailable during interviews. 
There are different variations to performing observational studies such 
as structured and unstructured, participant and non-participant, as well 
as overt and covert (Coolican, et al. 2004). In this study, overt, non -
participant observation was conducted, involving a combination of 
unstructured and structured ones which allows for both breadth and 
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depth in studies as well as balances researcher bias. Furthermore, non -
participant observation was employed because ATC is a complex safety-
critical domain.  
This is an overt observational study since personnel in the studied 
setting were made aware of the research. Although, data obtained 
through such a technique are considered to be strong in validity because 
of the depth of information obtainable, it raises concerns about validity 
and reliability because of the observer effect as people may behave 
differently when they are aware of being observed. The highly sensitive 
nature of the work environment of ATC required that studied personnel 
were informed by their authority before the observation took place. This 
drawback is overcome to some extent because of the purpose and non-
threatening nature of the study. 
The observed data was recorded through written descriptions in the 
form of field notes, audio recordings, and photographs. These notes 
included making written descriptions of direct observation (Appendix 3, 
14, 15) as well as inferences drawn. Audio recordings of interaction 
between individuals and photographs (Appendix 1) supplement written 
descriptions whilst artifacts (Figure 3- 12) enrich the observations 
made. 
3.6.4. Secondary Data Sources 
Apart from getting first hand data from the site, several secondary 
sources of data were identified, such as organization and technical 
documents about the airport and studies conducted by others in the area 
of ATC. 
3.6.5. Data Management  
For peliminary qualitative analysis the data was coded and categorized 
manually. Once the volume of data obtained through the field studies 
started gaining strength it was considered more effecient to use a 
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software package for the analysis. A range of packages known as 
CAQDAS (Computer Assisted Qualitative Data Analysis Software) is 
available with different features. They are generally intended to manage 
the complexity of analyzing a large volume of data that might be 
difficult if performed manually. After much examination, Atlas/ti was 
selected  because it is based on the Grounded Theory approach to 
qualitative analysis, easy to learn and use, and is more suitable for 
small research undertaking (Barry 1998) like this study. The software 
was predominantly used to manage the data collected, code the 
transcripts and model relationships between concepts (Appendix 5, 7, 8. 
9).  
3.7. DEVELOPING GROUNDED THEORY OF 
COLLABORATIVE DECISION MAKING 
The essential elements of a theory are delineated by Whetten (1989) as 
follows: 
 
These constituting elements correspond with the desired outcome of  
Grounded Theory Methodology (GTM) which is a well-grounded 
theory that not only describes and explains the occurrence of the subject 
of interest but also presents clear concepts and their relationships 
(Glaser and Strauss 1967). Furthermore, GTM is aimed at elicit ing 
Factors (variables, constructs, concepts) considered to be 
relevant to explain the phenomenon of interest. 
The relationship between identified factors which delineates 
patterns and causal relationships, thereby adding order to the 
conceptualization. 
Underlying dynamics (such as psychological, economic, and 
social) that justify the selection of factors and proposed 
relationships. This reflects the logic of theory generated. 
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underlying social dynamics from which the relevant factors and 
relationships, explaining the matter of inquiry are delineated.  
3.7.1. Scope and Unit of Analysis  
The scope of analysis chosen for this research undertaking reflects the 
ongoing realization for the need to address the bigger picture of 
contextual and social factors in studies of decision making in complex 
work settings (Lipshitz 1994; Alby and Zucchermaglio 2006; Hutchins and 
Kendall 2009; Goel et al. 2012). Therefore, it includes work activities 
taking place during task performance and associated interaction 
between entities in the cooperative ensemble of complex work setting. 
Focusing on these factors is deemed to be appropriate means of 
understanding the context of CDM in realworld settings (Brehmer 1992; 
Hoffman and Yates 2005). Supporting view is held by others (Leont'ev 
1974; Lave 1988; Bødker 1989; Kuutti 1991; Nardi 1996; Engeström 1999; 
Kofod-Petersen and Cassens 2005) who contend that activity and the 
larger system in which it takes place present appropriate scope of 
analysis to understand the context of work performance. Furthermore, 
the environmental state of the real world complex work settings is 
dynamic and unpredictable. Work performance in such settings is 
situated. So, it is necessary to characterize the ‘situation’13 in which 
CDM is carried out (Moon 2002). In order to do this, the scope of 
analysis also includes the identity, location and status of entities as well 
as time in the geographical space (Dey, Abowd and Salber 2001).  
Literature reviewed in the previous chapter revealed that CDM in 
complex work settings takes place in the cooperative work arrangement. 
Hence, the unit of analysis of this research includes multiple 
individuals who are distributed in the work setting and who need to 
function collaboratively to perform tasks. This was addressed at 
different levels: at the individual, within work-unit, and between work-
                                                     
13
 Defined as circumstances of task performance by Suchman (1987) 
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units. With this scope and unit of analysis, the process of answering the 
research question of this thesis has led to the development of the theory 
of CDM. 
3.7.2. Concept of Theory and Theorizing in 
Grounded Theory Methodology 
The theory generated through Grounded Theory Methodology (GTM) is 
not a full conceptual description of a ‘substantive area’14. Instead, it is 
about a concept which is the ‘core variable’ and its related concepts that 
account for the occurrence of the subject of inquiry (Glaser, 2001, pg. 
199). The concepts generated through GTM represent social patterns 
identified in the research data and are an abstraction of time, place, and 
people (Glaser 2002a). In classical GTM, a theory is a set of concepts 
which are integrated through relationships in the form of a theoretical 
framework to explain the occurrence of the matter of interest (Glaser 
and Holton 2004a). This entails patterning, interpreting and generalizing 
through abstraction, all of which is done systematically.  
Both Glaser and Strauss, the creators of GTM, recommend its use to 
stimulate theory development by staying within the general guidelines 
offered by them but at the same time adapting the procedures and 
techniques to suit the requirements of individual studies (Glaser and 
Strauss 1967; Strauss 1987). Hence, the application of GTM tenets can 
vary and it is necessary to specify the chosen procedure and how it was 
employed in a research undertaking (Ambert et al. 1995; Babchuk 1996). 
Regardless of the ambiguity surrounding the application of GTM, there 
are certain principles concurred by its various proponents (Glaser and 
Strauss 1967; Strauss and Corbin 1990; Schatzman 1991; Clarke 2005; 
Charmaz 2006). They are as follows:  
                                                     
14
 Area of inquiry (Glaser & Strauss, 1967, pg. 32) 
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The specific procedures for implementing GTM then follow on from 
these basic principles.  
3.7.3. Applying Guiding Principles of 
Grounded Theory Methodology 
GTM places emphasis on the continuous interplay between data 
collection, analysis, and conceptualization. This process includes 
gathering data, transcribing collected data, labelling data to derive 
codes, relating codes to derive categories, drawing relationships 
between categories, deriving core category, strengthening core category, 
saturating codes and categories, and written records of the data 
abstraction from the analysis in the form of ‘memos’. These activities 
are not undertaken in a linear manner and are interchangeable.  
 
 
Figure 3- 13 Presents an overview of the key elements of GTM and the 
process of theory development through this methodology. The 
following sections describe how the above depicted process has been 
implemented in this research.  
 
Generation of new theory rather than verifying existing theory. 
Continuous interplay between data collection, analysis, and theory 
development.  
Data analysis primarily though coding. 
Theory generation in the form of relationships between concepts 
generated through coding. 
Analytical process comprises Constant Comparison and Theoretical 
Sampling.  
Backbone of theory generated is a central concept known as ‘core 
category’. 
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Figure 3- 13: Diagrammatic Representation of Theory Generation Process in Grounded Theory 
Methodology 
3.7.3.1. Identification of Substantive Area, 
Research Question and Literature Review 
Theory generation through GTM commences with the identification of 
the ‘substantive area’. This is the subject of inquiry about which theory 
development takes place. Glaser (1967, 1978, 2004) does not provide 
any criteria for determining the ‘substantive area’, but states that it 
should be a specific area of investigation. In this research, the 
‘substantive area’ is collaborative decision making. 
According to Glaser (1967, 1978), the research founded on GTM should 
not start with a precise question, problem statement, or hypothesis. Just 
an identification of the topic of study will be sufficient. This is required 
to avoid predisposed focus of data collection, to enable discovery of 
“what is going on and why” in the studied area, and to allow the 
problem and question to emerge from the data (Glaser 1992; Glaser 
2001). 
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This research, however, commences with the following research 
question: 
How do people in a complex heterogeneous working 
environment make decisions collaboratively? 
The above question is conceived from the literature reviewed at the 
onset of the research and is formulated to be broad and open enough to 
allow the flexibility required for exploring the occurrence of CDM in 
real world complex work settings. This is a slight deviation from the 
recommended guideline for employing GTM. Glaser (1978, 2001) does 
not prescribe reading literature in the relevant field before the theory 
seems “sufficiently grounded and developed” in order to prevent 
prejudice or developing preconceived notions before entering the field. 
Nevertheless, a key process of doctoral studies is undertaking a critical 
review of literature in order to understand the subject of inquiry, elicit 
gaps in existing knowledge, identify problems to be addressed and 
generate the research question. Hence, prior literature was reviewed 
keeping with the traditional approach to a research undertaking. Based 
on this, the area of interest was identified as collaborative decision 
making and the corresponding research question was formulated. 
However, the reviewed literature was not used to inform data collection, 
but was employed in the capacity to sensitize and interpret the data 
collected. As data analysis progressed more specific questions were 
generated. Moreover, this research did not commence as a Grounded 
Theory study. Instead, the problem statement and research question 
were first drawn from the literature reviewed. Subsequently, GTM was 
chosen as an appropriate methodology for the purpose of this research.  
3.7.3.2. Theoretical Sampling 
In GTM, sampling is based on concepts emerging from the data during 
analysis rather than representative individuals. Sampling is selected by 
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potential for generating theory and deepening understanding15. 
Sampling in GTM is Theoretical Sampling (Glaser 1978; Goulding 1999; 
Glaser 2001; McCallin 2003). Glaser (1967, pg. 45) describes the process 
of Theoretical Sampling as follows: 
Theoretical sampling is the process of data collection for 
generating theory whereby the analyst jointly collects, codes, 
and analyzes his data and decides what data to collect next and 
where to find them, in order to develop his theory as it emerges. 
This process of data collection is controlled by the emerging 
theory. 
The theory emerging from the data directs who and what to study and 
subequent questions to be addressed during data collection. However, 
before sampling, decisions have to be made about where the subject of 
interest can be found and data can be collected, who will be studied and 
how will data collection take place (Glaser 1992) as discussed earlier in 
this chapter. Theoretical Sampling then begins at the next stage of data 
collection (Coyne 1997).  
In this study, for example, the aim of the first visit to the field site was to 
gain an understanding of the work environment and to identify relevant 
work activities and social processes. The study commenced in the Control 
Tower of the airport. It was found that the work of personnel in this work 
unit was tightly integrated with each other’s within the work unit as well as 
with other work units. The field studies first focused on the collaboration 
between personnel involved in the airport ATC operations. 
                                                     
15
 Sampling in GTM based on interplay between induction and deduction as data collection 
and analysis takes place in tandem. GT is inductive because relevant theoretical concepts 
are allowed to emerge from data during the coding process instead of starting with a 
hypothesis or preconceived notion. The deductive nature is best described in Glaser’s 
words as “deductive work in grounded theory is used to derive from initial codes as to 
where to go next in order to sample for more data to generate the theory” (Glaser 1978). 
This is a cyclic process in which the researcher goes back and forth between induction and 
deduction. 
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3.7.3.3. Coding and Conceptualization 
Data collected from the field studies are conceptualized through 
‘coding’, which is the foundation of Grounded Theory development. A 
‘code’ is the label given to a concept identified in the data and can refer 
to words, phrases, sentences, or incidents. It presents an abstraction of 
the data collected and acts as the bridge between raw data and theory 
generated (G. B. Glaser & J. Holton, 2004). In GTM, coding is 
conducted in phases and the procedure varies depending on which 
school of GTM is being followed. In classical GTM, which is employed 
in this research, Glaser (1967, 1978) prescribes coding through three 
phases, namely - Substantive, Theoretical and Selective Coding. These 
phases are not linear and work in conjunction with each other.  
Substantive coding or ‘open coding’ is the first step in data analysis. In 
classical GTM, it is carried out by breaking down data into distinct 
units of meaning and conceptually labelling them (Goulding 1999). In 
this research, data transcripts were read line-by-line, divided into 
smaller sections (which can be words, phrases or incidents), analyzed, 
and labels assigned to the identified concepts as ‘codes’. Also, ‘open 
coding’ was undertaken by asking the neutral questions given below as 
prescribed by Glaser (Glaser 1978, 1992; Glaser and Holton 2004).  
 
The questions helped identify the ‘core variable’ which was the 
research focus and subsequently that of the emergent theory. An 
illustration of open coding of an interview transcript is presented in 
What is the data a study of? 
What category or what property of what category does this 
incident indicate? 
What is actually happening in the data? 
What is the main concern being faced by the participants? 
What accounts for the continual resolving of this concern? 
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Appendix 6. This was done using the Atlast.ti software as illustrated in  
Appendix 5. Also, the concepts and codes were compared wherever 
possible in the course of analyzing the data to draw similarities and 
differences between them. As ‘open coding’ progressed categories were 
developed from abstracting patterns of similar concepts represented by 
the codes and attributing a conceptual name to it (Appendix 7). In 
addition, the properties and dimensions of categories were delineated 
from the codes to enrich their definition and meaning. Appendix 12 
provides the complete list of categories generated during data analysis 
which formulate the theory of CDM presented in this thesis.  
Then the developed categories were related to be integrated into theory 
(B. G Glaser, 1978). This forms the Theoretical Coding phase of data 
abstraction. In this study, as category development progressed, the 
relationships between categories were determined in order to generate 
conceptual ideas. The relationship between categories were drawn by 
employing the ‘theoretical coding families’ recommended by Glaser 
(1978). There are eighteen ‘coding families’ which help sensitize 
analysis to the array of behavioral patterns in the data. However, the 
coding families chosen to draw relationships between categories is 
driven by the data. The first of these families and the one most utilized 
for Theoretical Coding in this study is the “Six Cs”- Causes, Contexts, 
Contingencies, Consequences, Covariance and Conditions (Figure 3- 
14). 
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Figure 3- 14 : Coding Families of Glaser (1978) Employed during Theoretical Coding 
Apart from the six Cs, other ‘theoretical coding families’ were also 
included as depicted in Figure 3- 14. Table 3- 1 exhibits the relationships 
generated between categories in this study and the associated coding 
families.  
  
Context ambiance in which the phenomenon occurred 
Cause reason, source or explanation for the occurrence of the 
phenomenon 
Condition an intervening variable 
Contingency a moderating variable  
Covariance correlation where one category changes with another  
Consequence anticipated or unanticipated result of the phenomenon and 
is dependent on “Cause” 
Strategy a conscious act to manoeuvre elements associated with the 
phenomenon 
Dimension parts of the phenomenon, dividing the whole into parts 
Type a variation of the whole phenomenon 
Degree the relative position of the phenomenon in a continuum 
Interactive 
mutual effects between the phenomenon and another 
variable where the temporality of the interaction is not 
taken into account 
Mainline societal aspects of the work process such as the social 
organization, social order, social interactions 
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Table 3- 1 : Relationship between Categories drawn during Theoretical Coding and their Coding 
Families 
 
Coding Family Relationship 
SIX Cs  
CONTEXT is-context-for 
 
CAUSE 
is-cause-of 
is-trigger-for 
is-source-of 
is-causal-condition-for 
CONDITION is- intervening-condition-for 
CONTINGENCY has-effect-on, leads-to,  
is-dependent-on 
COVARIANCE is- intervening-condition-for 
 
CONSEQUENCE 
has-effect-on 
leads-to 
is-dependent-on 
 
 
STRATEGY 
is-maneuver-for 
is-managed-by 
is-mechanism-for 
is-means-of 
is-strategy-for 
is-through 
 
TYPE 
is-a 
is-form-of 
is-type-of 
DIMENSION is-aspect-of 
is-property-of 
DEGREE is-level-of 
INTERACTIVE is-reciprocal-to 
MAINLINE is-stratification-of 
The core variable which is the main theme arising from the data is 
identified during the Substantive and Theoretical coding. This ‘core 
category’ explains the occurrence of the studied phenomenon (Goulding 
1999). The criteria for judging the ‘core category is prescribed by 
Glaser (1978) as: centrality, frequent recurrence, meaningful and easy 
connection to other categories, and the clear implication for formal 
theory. Once the ‘core category’ is selected, further data collection and 
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analysis is delimited to the ‘core category’ which forms the Selective 
Coding phase. Hence, the data collection and analysis focussed on the 
‘core category’ which led to the theory of CDM being developed by 
including only categories and theoretical connections related to the 
‘core category’ (Figure 3- 15).  
 
Figure 3- 15 : Diagrammatic Representation of Delimiting Categories and Theoretical Connections 
to the Core Category during Selective Coding 
The question driving the search for the ‘core category’ during 
Substantive and Theoretical coding was:  
What is the central concept explaining the occurrence of collaborative 
decision making during task performance? 
This led to the identification of managing interdependencies as the 
main concept accounting for CDM and hence was categorized as the 
‘core category’. Then, further data collection and analysis was 
delimited to this ‘core category’ and addressed questions such as:  
What is the nature of dependencies arising between work activities? 
How do personnel across different work units manage 
interdependencies between their work activities? 
What factors affect managing interdependencies? 
What consequence does managing interdependencies have to 
collaborative decision making? 
The process ultimately resulted in delimiting six theoretical constructs 
for conceptualizing the theory of CDM. The relationship between these 
Core Category 
Category 
Category 
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constructs is drawn based on the Six Cs Theoretical Coding family (B. 
G Glaser, 1978) and described in  detail in subsequent chapters.   
3.7.3.4. Constant Comparative Analysis 
The aim of coding data in GTM is to identify and conceptualize 
underlying patterns about what is going on in the data (B. G. Glaser, 
2001). This is achieved through the process of constant comparison in 
all three coding phases. Constant comparison during Open Coding took 
place between the data, codes and categories. As new data were 
obtained they were compared with existing findings and codes. The data 
that were not similar to existing findings was given new conceptual 
labels or ‘codes’. These were compared with each other to look for 
similarities and differences with the former bring grouped into 
categories. During Theoretical coding, categories were compared to 
identify relationships and formulate higher level concepts . Another 
important role played by the process of constant comparison is in 
delimiting data collection and analysis during Selective Coding. It 
facilitates identification when saturation is reached during coding. In 
this study, data collection was ceased when the process of constant 
comparison did not yield new properties of the ‘core category’ and 
theoretical saturation was reached.  
3.7.3.5. Theoretical Sensitivity 
Theoretical sensitivity refers to the ability to relate concepts generated 
from the data analysis to theory generation (Glaser 1978; Glaser 2002a). 
In this study, the neutral questions put forth during Substantive coding 
and the ‘theoretical coding families’ employed during Theoretical 
coding helped foster theoretical sensitivity as prescribed in the classical 
GTM procedure (B. G. Glaser & J. Holton, 2004). Theoretical 
sensitivity was also established through reading literature. However, 
one of the tenets of classical GTM is to avoid reading extensive 
literature before the emergence of ‘core category’ and associated theory. 
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Nonetheless, the literature review was undertaken before the study 
commenced. The knowledge gained from the literature review 
facilitated in making sense of findings in the data and to focus the 
analysis.  
3.7.3.6. Theoretical Memoing 
Theoretical Memos are written records of the abstraction achieved 
during data analysis, which could be reflections, the meanings ascribed, 
theoretical explanations of relationships between concepts, and ideas on 
categories. ‘Memo’ writing is an important aspect of theory generation 
which takes place throughout the theory development process right 
from its inception to the end. The memos written for the purpose of this 
research captured the interpretation of observation and description of 
findings from the field, as well as the meanings and relationships 
between codes and categories (Appendix 10). The memos were 
recorded in Atlast.ti software (Appendix 9) and on paper (Appendix 
16).  
3.7.3.7. Theoretical Sorting  
Sorting in GTM is conceptual and is an important aspect of developing 
and presenting the theoretical framework. Theoretical Sorting helps to 
maintain the theory at the conceptual level while presenting it and 
prevents regression to description of data. In this study, sorting 
commenced with the identification of the ‘core category’ and continued 
until further data collection and analysis did not add new concepts to 
the theory. Sorting was facilitated by the ‘theoretical coding families’ 
prescribed by Glaser (1978). In particular, the ‘Six Cs’ coding family 
was employed to delimit the emerging theoretical framework. Sorting 
was undertaken to fit the concepts and theoretical constructs by 
constantly questioning and comparing each of them to the emerging 
outline of the theory of CDM. Furthermore, sorting was facilitated 
through modelling in Atlast.i software and diagrams on paper. 
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3.8. METHODOLOGICAL CONSIDERATIONS 
3.8.1. Role of the Researcher 
The researcher is the principal device for collecting data and this 
includes his/her interpretation of the data collected. Hence, one issue to 
be addressed here is the plausible researcher bias affecting the 
credibility of the investigation. I embarked on this investigation after 
having identified the area of interest and conducted a literature review 
in relevant subjects in order to arrive upon the research question to be 
addressed. This did not result in suggesting a hypothesis, but helped to 
identify gaps in the area of interest. Moreover, I did not have any prior 
knowledge or experience in the field of investigation that would 
generate pre-conceived views and pre-formulated judgement about the 
area being investigated. Considering the safety critical nature of the 
studied environment, I could not be a participant in the work process. 
Consequently, observational studies were conducted as a novice and an 
outsider. Therefore the data collected were to a large extent perceived 
from the point of view of the studied personnel, and interpretations 
made were verified with them. In addition, employing concurrent 
protocol by presenting non-leading probes to the interviewed personnel 
was beneficial in avoiding bias. Also, they were briefed on my role in 
their workplace and the use of data collected from the field which may 
have made them forthcoming in their discussions.  
3.8.2. Ethical Considerations 
Four ethical issues were considered while conducting the field studies. 
The first one was  informing the participants clearly about the nature of 
the investigation and obtaining their consent to being observed and 
interviewed. When permission was obtained from National Air Traffic 
Services (NATS) to conduct the field studies, the respective managers 
and personnel were informed by the airport authority. In addition, 
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before commencing the studies, flyers (Appendix 11) were placed in the 
Control Tower and Operations Centre, which included information 
about the use and implications of the information obtained from them 
through the studies conducted. The personnel were also verbally briefed 
who confirmed their volunteered participation.  
Secondly, the anonymity of personnel was maintained by: 1) ensuring 
confidentiality of data obtained from interviews and observation, 2) 
identifying interviewees and studied personnel by using abbreviations 
of their role instead of their names, and 3) ensuring their faces are not 
recognizable in the photographs taken from the field study site. Thirdly, 
ensuring the participant was not physically or mentally harmed during 
the studies. Since, ATC personnel were interviewed and observed as 
they performed their work, I had to be careful and considerate to not 
interfere and hinder their work performance, particularly because of the 
safety-critical nature of the work environment. Lastly, they were not 
exploited for personal gain and their contribution to this research is 
acknowledged. 
3.9. SUMMARY 
In summary, this chapter has described the methodological approach, 
the domain of study and the procedures employed for data collection 
and analysis. The chapter presents the rationale for taking a qualitative 
approach and the choice of Grounded Theory Methodology to develop 
the theory of collaborative decision making. The Air Traffic Control 
work setting in which the field studies were undertaken and the 
techniques exercised to gather required data have been delineated. The 
methodological considerations undertaken to maintain credibility of 
data collection in terms of avoiding researcher bias and conducting the 
studies ethically are also outlined. Data analysis undertaken through the 
employment of the procedures prescribed in classical GTM has been 
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included. The following three chapters explain the findings of this 
research by describing the codes, categories and relationships emerging 
from the data analysis which formulate the theory of collaborative 
decision making. 
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CHAPTER 4 
 
CONCEPTUAL FRAMEWORK OF 
COLLABORATIVE DECISION MAKING: 
A SYNOPSIS  
4.1. INTRODUCTION 
An overview of the conceptual framework of Collaborative Decision 
Making (CDM) developed through this research is presented here. It 
portrays CDM taking place during everyday work performance in the 
cooperative arrangement of complex work settings as a process of 
managing interdependencies. The findings on which such a depiction is 
based are explained through a theoretical framework emerging from the 
application of Grounded Theory Methodology (GTM). This is 
structured using the ‘Six Cs’ theoretical coding family prescribed by 
Glaser (1978) which was described in the previous chapter. The ‘Six 
C’s’ focus on the ‘core category’ which in this study emerged to be 
managing interdependencies. Briefly, the ‘Six Cs’ include Cause, 
Context, Contingency, Consequence, Covariance, and Condition. The 
key constructs of the theory of CDM are structured (Figure 4- 1 ) in this 
thesis by adapting the model of ‘Six Cs’ presented by Glaser (1978, pg. 
74).  
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Figure 4- 1 : Six Cs of Core Category 
A synopsis of the main findings and associated categories developed 
during data analysis that formulate the framework are presented here. A 
detailed explanation of this is given in chapters 5 and 6 supplemented with 
the data obtained from the studies conducted in this research. The contextual 
and causal conditions are described in detail in chapter 5. The emergence of 
the core category as well as the covariance, contingency and consequence 
components of the theoretical framework are explicated in chapter 6.  
4.2. COLLABORATIVE DECISION MAKING IN THE 
COOPERATIVE ARRANGEMENT OF COMPLEX WORK 
SETTING 
The studies conducted in this research indicate that CDM in a real 
world complex work setting occurs in a cooperative arrangement and in 
the course of performing tasks. Hence, it is influenced by the 
characteristics of this arrangement and is aimed at fulfilling the 
requirements arising during task performance. Two fundamental 
characteristics of the cooperative arrangement are work distribution and 
interconnections between work activities. The former leads to decision 
Dependencies 
Dynamics of Situation Heterogeneity of Work Units 
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Interdependencies 
Mode of CDM 
Aligning Work Activities 
Keeping People in the Loop 
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conditions 
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making being distributed across personnel undertaking tasks whereas 
the latter causes the need for their involvement during decision making. 
Thus, undertaking CDM in this setting involves managing the 
distribution as well as the interconnections in decision making. 
Additionally, the environment of complex work settings in the real 
world is dynamic. Hence, the way CDM is undertaken needs to be 
adapted to the constantly changing conditions. The conceptual 
framework of CDM developed through this research explains how this 
is achieved by personnel during everyday work activities. For the 
purpose of this thesis, a decision is considered to be the pertinent action 
selected for fulfilling the requirements arising during task performance, 
decision making is the process through which this is undertaken, and 
CDM is the involvement of multiple personnel in this process. 
4.3. CONDITIONS INFLUENCING COLLABORATIVE 
DECISION MAKING  
Three conditions which influence the occurrence of CDM were 
identified in the studied setting to be dynamics of situation, 
heterogeneity of work units, and dependencies between work activities 
(Figure 4- 1 ). The first two are classified as contextual16 conditions as 
they present possibilities and constraints in carrying out the actions and 
interactions involved in decision making. The third is considered to be a 
causal condition as it was found to create the need for personnel to 
undertake decision making in collaboration with others performing the 
task. Whilst these conditions generally affect work activities involved 
in task performance, they are addressed here with respect to the 
influence they bear on decision making. The findings emerging from 
                                                     
16
 In this thesis, context is considered to be features of the work setting which play a role in 
undertaking social actions and interactions.  
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this study in relation to these three conditions and their effect on CDM 
are briefly described below. A detailed explanation of the same is 
presented in chapter 5. 
The dynamic nature of work environment in a real world setting gives 
rise to constantly changing conditions, which is captured during data 
analysis in the category dynamics of situation17. This category 
represents the changing nature of situation of task performance and the 
type of situation emerging. Based on the criticality and predictability of 
occurrences in the work environment, personnel were found to consider 
situations arising during task performance as typical and atypical 
(Figure 4- 2). The former represents occurrences which take place in 
accordance with procedure and plan. In these situations, activities of 
task performance including decision making can be carried out as 
expected. Even if issues arise, they can be foreseen and personnel are 
prepared to address them. These are situations that can be anticipated to 
occur during task performance. Nevertheless, they tend to deviate from 
typical to atypical when occurrences in the work environment do not 
take place as planned, arise unexpectedly and cause issues which hinder 
task performance. Additionally, personnel consider both these situations 
to be critical and non-critical based on the degree of detrimental effect 
they have on human and fiscal wellbeing. 
The findings show that these types of situations present possibilities 
and constraints in undertaking decision making during task 
performance. In particular, the dynamics of situation was found to affect 
CDM by influencing the temporality, intensity, structure and flexibility 
of interaction in decision making. Also, the actions and interactions 
employed by personnel to participate in decision making was found to 
alter with the type of situation.  
                                                     
17 ‘Situation’ is characterised in this study by taking into account how personnel in the 
studied work setting define and respond to it. This helps to comprehend how they behave in 
a particular situation during task performance. 
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Figure 4- 2 Classification of Situation Types 
 
Another contextual condition affecting CDM is the heterogeneity of 
work units. In the cooperative work arrangement, task performance 
requires involvement of multiple personnel from various work units that 
are distributed in the work setting. This category depicts differences 
between the work units involved in undertaking the task. Considering 
that the work units serve diverse purposes, personnel functioning in 
them have distinct expertise, roles and responsibilities as well as 
differing requirements. Also, based on the work unit they are operating 
from, personnel have access to certain viewpoint and information in the 
work setting. These differences influence their participation in CDM.  
In this study, the differences between work units are categorised as 
dimensions of heterogeneity (Figure 4- 3) which include spatio-
temporal, procedural, resource, and situational heterogeneity. Spatio-
temporal heterogeneity depicts the difference in physical location of 
work units and the associated temporal variation. In a complex work 
setting, the work units are distributed across physical space. Some units 
are co-located whereas others are vastly distributed and this influences 
how personnel  participate in decision making. In the studied setting, 
although some work units were co-located, personnel did not have 
possibility for direct face-to-face interaction and it was limited to 
technology mediation. Personnel communicated verbally over the 
telephone or non-verbally by making changes to information 
representation and dissemination artefacts. 
Type of Situation 
Typical Situation 
(anticipated) 
Crtitical Non-Critical 
Atypical Situation 
(unanticipated) 
Critical Non-Critical 
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The procedural heterogeneity represents the difference in procedural 
location in the work process at which personnel are involved. The work 
units serve distinct purposes in undertaking a task. Hence, personnel 
operating from them are responsible for different aspects of task 
performance and consequently located at different points in the work 
process. This influences their participation in decision making with 
respect to the information they can provide, actions they can perform 
and decisions they can make. Thus, when personnel come together 
during CDM they make distinct contributions. Also, personnel involved 
in decision making can have varying goals and requirements based on 
the procedural location of their work unit which needs to be resolved.  
Resource heterogeneity depicts the difference in facilities available in 
the work units for undertaking CDM. In this study, it is mainly 
addressed with respect to technological artefacts aiding awareness, 
communication and coordination. In particular, the findings reveal that 
personnel involved in decision making employ different means and 
mechanisms to interact with others across work units. For instance, 
coordination of activities required for decision making is organized 
between personnel operating from certain work units verbally over the 
telephone whereas that between others is mediated through technology.  
Situational heterogeneity indicates the difference between the type of 
situation encountered at different work units during task performance. 
The findings show that based on their work unit, personnel involved in 
decision making can be functioning in different situation types. For 
instance, the situation type at one work unit can be typical whereas that 
in another can be atypical. This was found to influence the time 
available for personnel to undertake decision making in collaboration 
with others. Thus, when personnel come together to undertake CDM 
they are operating in varying conditions and this influences their 
contribution. 
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Chapter 5 explains in detail the emergence of these dimensions of 
heterogeneity and how they work in conjunction to influence the actions 
and interactions of personnel participating in decision making. Having 
briefly described the contextual conditions influencing CDM, the causal 
condition identified in this research is presented next.  
 
Figure 4- 3 : Dimensions of Heterogeneity 
The findings indicate that interconnections between work activities in 
the cooperative arrangement of a complex work setting manifest in the 
form of dependencies in task performance. During decision making, 
personnel are found to be dependent on each other for obtaining 
required information, performing necessary actions and making related 
decisions. The relational orientation emanating from the dependencies 
need to be managed which creates the need for collaboration in decision 
making. Hence, dependencies are portrayed as the causal condition for 
undertaking CDM in the theoretical framework developed in this study.  
Besides causing the need for personnel to come together to undertake 
decision making, dependencies were also found to structure the 
collaboration involved. Different types of dependencies were identified 
to arise based on the situation, procedure to be followed, information 
requirements to be fulfilled, and temporality involved in carrying out 
task performance activities. Consequently, the types of dependencies 
arising during decision making are categorised here as situational, 
procedural, information, and temporal dependency (Figure 4- 4). These 
work in conjunction and provide a structure for managing the 
interconnections involved in decision making by organizing who does 
what, where, when and how across the different work units. This is 
Dimensions of 
Heterogeneity 
Spatio-
Temporal 
Heterogeneity 
Procedural 
Heterogeneity 
Resource 
Heterogeneity 
Situational 
Heterogeneity 
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explained in detail in chapter 5 with a brief description of the types of 
dependencies being presented here. 
  
Figure 4- 4 : Types of Dependency Configurations 
The first, situational dependency, depicts the dependencies between 
personnel’s work activities brought about by the situation of task 
performance. The findings indicate that the type of situation creates 
certain dependencies with respect to who needs to be involved and how 
they contribute to decision making. For instance, in a typical non-
critical situation, decision making requires personnel from certain work 
units to come together to provide required information, perform 
necessary actions and make related decisions. However, in an atypical 
critical situation, making the same decision requires either the 
involvement of additional personnel or limits who is involved in 
decision making based on the contribution required from them. This 
type of dependency was found to influence CDM with respect to 
structuring who is involved, their contribution, as well as the intensity 
and flexibility of interaction taking place between them.  
The second, procedural dependency depicts the dependencies raised by 
the procedures laid down by the organization for carrying out task 
performance. In the cooperative work arrangement, the procedure to be 
followed reflects the distribution of work activities between personnel 
belonging to different units and their interrelationships during decision 
making. This was found to configure the ‘depender-depended’ 
relationship between personnel, that is who is dependent on whom for 
what during decision making. For instance, when multiple personnel 
participate in decision making, the procedural dependency structures 
who is dependent on whom for required information, action 
Type of Dependency 
Situational 
Dependency 
Procedural 
Dependency 
Information 
Dependency 
Temporal 
Dependency 
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performance and making related decisions. This helps set expectations, 
possibilities and limitations in undertaking CDM.  
The third, information dependency represents the dependencies raised 
by the information requirements arising during decision making. Since 
personnel involved in task performance belong to different work units, 
they possess only partial and provincial access to information, 
knowledge of occurrences in the work setting and viewpoints with 
respect to the boundaries of their work units. Hence, during decision 
making they are dependent on each other for information which is 
beyond the realms of their access. This type of dependency influences 
CDM by structuring information sharing between personnel involved in 
decision making. 
The fourth, temporal dependency depicts the dependencies arising out 
of the temporality involved in task performance. The findings indicate 
that not all personnel undertaking the task come together at the same 
time during decision making. Instead, they are dependent on each other 
for contributions at particular instances in time. Personnel’s 
participation in decision making is structured by the dependency in the 
timing of their work activities. For instance, the findings show that 
personnel need to be obtain information from others at a specific point 
in time in order to make informed decisions or request others to 
perform certain actions at a particular point in time to aid decision 
making.  
These four types work in conjunction and present a configuration of 
dependencies which structures participation in decision making, thereby 
influencing the way CDM is undertaken during task performance. Thus, 
the findings of this research show that in the cooperative arrangement 
of a complex work setting dependencies cause the need for personnel to 
come together to undertake CDM. It also reveals that the structure of 
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CDM is influenced by the dependencies in decision making arising 
during task performance. These form two key findings of this research.  
4.4. COLLABORATIVE DECISION MAKING AS A PROCESS 
OF MANAGING INTERDEPENDENCIES 
The conceptual framework developed through this research depicts CDM as 
a process of managing interdependencies. As mentioned, the findings 
indicate that personnel come together during decision making as they are 
dependent on each other for obtaining required information, performing 
necessary actions and making related decisions. Hence, when they  
participate in CDM they are essentially found to be managing the 
dependencies involved in decision making. During data analysis, managing 
interdependencies emerged as a ‘core category’ since it accounts for the 
contributions made by personnel during CDM and their social behaviour. 
Hence, in the framework of CDM presented in this thesis managing 
interdependencies is placed as the central construct and other categories are 
related to this through the ‘Six Cs’ theoretical coding family prescribed by 
Glaser (1978). The following section briefly describes how personnel in the 
studied setting undertake CDM in the process of managing the 
interdependencies involved in decision making. This is explained in detail in 
chapter 6. 
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4.5. MANAGING INTERDEPENDENCIES BY ALIGNING 
WORK ACTIVITIES AND KEEPING PEOPLE IN THE 
LOOP 
In this study, managing interdependencies depicts the process of 
fulfilling the requirements brought forth by the dependencies arising during 
decision making. The findings indicate that this involves Aligning Work 
Activities (AWA) of personnel by synchronizing their actions, decision 
making, and perception (Figure 4- 5). These three modes of 
synchronizing are not mutually exclusive and work in conjunction. 
Through this the research shows that articulating CDM in the 
cooperative arrangement of complex work settings is a complex 
activity.  
Two key relationships of AWA emerge from the data analysis. Firstly, 
AWA is covariant to the configuration of dependencies arising during 
decision making as the former occurs in relation to the latter.  Secondly, 
AWA is contingent upon Keeping People in the Loop (KPIL).  
 
Figure 4- 5 : Mechanisms for Aligning Work Activities 
In this study, KPIL is considered to be the process of sharing 
information as well as involving others in decision making through 
various communication acts and modes of interaction. KPIL was found 
to be a key factor for AWA because without “being in the loop” personnel 
will not be able to perform the required synchronization. The findings 
indicate that KPIL takes place through various communication acts which 
are implemented in two modes: anticipatory and reactionary interactions 
Aligning Work 
Activities 
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Actions 
Synchronizing 
Decision Making 
Synchronizing 
Perception 
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(Figure 4- 6). The former takes place in preparation for making decisions, 
whilst the latter takes place in response to decisions taken by others during 
task performance. These interactions give a sense of each other’s planned 
actions, requirements to be fulfilled, and constraints in AWA across 
different work units. In addition, the data show that KPIL relies on the 
fitness of information exchanged during task performance. This is 
determined by the form, medium and timing of information transfer between 
personnel undertaking the task (Figure 4- 6). The use of standard and non-
standard mechanisms, verbal and non-verbal means, and timing of 
information exchange present possibilities and constraints in establishing 
the understanding required for AWA. 
 
Figure 4- 6 : Mechanisms for Keeping People in the Loop 
4.6. MODES OF UNDERTAKING COLLABORATIVE 
DECISION MAKING 
Four modes of undertaking CDM transpire from the way personnel 
manage the configuration of dependencies arising during task 
performance. They are: sequential, mutually-consented, manipulative, 
and emergent decision making (Figure 4- 7). In the first mode, 
personnel participate in CDM by making decisions in response to the 
actions and decisions taken by others. Deicsions are made individually 
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but becomes a collaborative act through such a correlation. For 
instance, due to the distribution of work performance in the cooperative 
arrangement, undertaking decision making involves reliance on others 
for performing required actions. When a request is made for the 
required action, further decisions will need to be made by those 
performing the action with respect to the request thus leading to CDM 
being undertaken in sequential mode. 
Alternatively, the mutually-consented mode of CDM occurs when 
personnel make joint decisions. Data analysis shows that this takes 
place explicitly through verbal interaction. This was also found to take 
place tacitly by personnel demonstrating their acknowledgement to 
decision made by others by performing the consequential activities. For 
instance, during task performance personnel can make inferences about 
the decisions made by others based on their behaviour. Due to the 
interconnections between their activities in the cooperative 
arrangement, decisions made by personnel will requires others to 
perform certain related activities. When they do so without consultation 
with each other, they display their agreement to decision made tacitly 
and the decision attains mutual agreement. 
In the third mode of CDM personnel tend to manipulate decisions made 
by others during task performance to fulfil their own requirements. The 
data analysis reveals that this takes place by personnel influencing the 
context on which decision making rests. For instance, they were found 
to manipulate the information used by others to inform their decision 
making. Thus, influencing their decisions and indirectly participating in 
decision making.  
Furthermore, undertaking CDM is an emergent activity in the varying 
conditions of the dynamic environment in a complex work setting. 
Participation and contribution of personnel in decision making is found 
to  change with the type of situation emerging during task performance.   
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Figure 4- 7 : Modes of Collaborative Decision Making Activity 
4.7. CHAPTER SUMMARY  
The chapter briefly depicts the conceptual framework of CDM 
constructed in this research through GTM. It puts forth a new 
perspective on the way personnel make decisions collaboratively in a 
real world complex work setting. The main categories and their 
relationships in the framework show that CDM is fundamentally an 
activity of managing interdependencies. This reveals how collaboration 
in decision making is structured by the interdependencies arising during 
task performance. Also, the embedded nature of decision making in 
everyday work activities is brought forth. The following two chapters 
will explain the emergence of the theoretical constructs presented here.  
Chapter 5 describes the context and causal components in the 
theoretical framework whilst chapter 6 presents the core category, 
covariance, contingency, and consequence components. Appendix 12 
provides the complete list of codes and categories used to develop the 
conceptual framework of CDM presented in this thesis.  
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CHAPTER 5 
 
CONDITIONS INFLUENCING 
COLLABORATIVE DECISION MAKING 
IN COMPLEX WORK SETTINGS 
5.1. INTRODUCTION 
This chapter explains two of the ‘Six Cs’ forming the theory of CDM. The 
conditions affecting CDM in the cooperative work arrangement of the 
studied complex work settings are described here. These have been 
classified as contextual and causal conditions in the conceptual framework 
depicted in the previous chapter. The former includes dynamics of situation 
and heterogeneity of work units. These are considered as contextual 
conditions as they present possibilities and constraints in undertaking CDM. 
The latter emerges from the data to be dependencies between work activities 
of personnel as it was found to create the need for multiple personnel to be 
involved in decision making during task performance. The chapter explains 
the influence these conditions bear on undertaking CDM in a complex work 
setting. The emergence of these three theoretical constructs is described here 
through the codes and categories derived from the data analysis founded on 
Grounded Theory Methodology (GTM).  
In this chapter and next, the data used to illustrate the derived concepts are 
obtained from the field studies conducted in the airport air traffic control 
 114 
work setting. Transcripts of interviews and observation data are presented 
here along with the codes, categories and their relationships developed 
during data analysis. Abbreviations are used to represent personnel in the 
studied setting. These include Tower Controller (TC), Ground Controller 
(GC), Management (M), and Approach Controller (AC). The researcher 
collecting the data is represented as the Interviewer (I).  
5.2. CONTEXTUAL CONDITIONS  
In order to comprehend how CDM is carried out by personnel during 
everyday work activities, it is important to understand the context in which 
it occurs and the influencing conditions. In the studied complex work 
setting, decision making takes place in constantly changing conditions and 
requires involvement of personnel from multiple work units. This is 
conceptualized during data analysis as dynamics of situation and 
heterogeneity of work units, respectively. These two conditions influence 
the way CDM is undertaken by presenting possibilities and constraints in 
performing actions and interactions involved in decision making. Hence, 
they are considered to be contextual conditions (Figure 4- 1).  
5.2.1. Dynamics of Situation 
The data indicate that there are two main types of situations arising during 
task performance, which are categorized as typical and atypical. These form 
properties of the theoretical construct labelled dynamics of situation (Figure 
5- 1). The situations differ in terms of predictability and criticality. On this 
basis these are further coded as anticipated, unanticipated, critical, and non-
critical. Such distinctions are elicited from the views presented by the 
interviewees in the data collected. In the following section, the different 
types of situations are firstly illustrated followed by how each one of them is 
handled and its influence on undertaking CDM. 
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Figure 5- 1 : Codes and Categories of Theoretical Construct: Type of Situation 
A typical situation is one that arises regularly and can be anticipated to 
occur during task performance. It represents occurrences in the work 
environment which take place as planned and as per the procedure. Work 
activities can be carried out as expected and typically there are no issues 
arising in these situations. Even if they do personnel can foresee them and 
be prepared to address them accordingly. In addition, typical situations 
consist of both critical and non-critical conditions. The former has a 
detrimental effect on human and physical wellbeing whilst the latter does 
not.  
An example of the above is depicted in the management of air traffic 
arriving into and departing from the studied single runway airport. A typical 
situation which is anticipated and non-critical is alternating between one 
landing and one departing aircraft on the Runway. The following transcript 
of an interview with the Tower Controller (TC) illustrates this. 
TC So the only way possible is constant one in, one out. Say if you have 
2, every 2 minutes, so its 30 an hour. We are having one landing, 
one departing, one landing, one departing. That way you can get 
the aircraft closest together in 2 minutes. 
Code 
Category 
Theoretical Construct 
Type of 
Situation 
Typical 
Situation 
- Normal Situation 
- Anticpated Critical 
Situation 
- Anticipated Non-Critical 
Situation 
Atypical 
Situation 
 
- Exceptional Situation 
- Unanticipated Critical 
Situation 
- Unanticipated Non-
Critical Situation 
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Alternatively, a typical situation which is anticipated and critical is the 
‘peak hours’ during which there is increased flow of air traffic into and out 
of the airport. The next transcript (below) of an interview conducted with 
the Tower Controller (TC) describes the timing of peak hours in the studied 
work setting.  
TC We get four peaks during the day. This is the early morning peak, 
which runs between half 6 and 8 o’clock. Then we have a mid day 
one after about 12, one’ish about that time. Late afternoon about 
5ish, 6ish. Evening one about half 9. yeah 4 peaks. You still get the 
peak traffic at those times but peaks expand. So it covers a lot of 
area.  
Occasionally, situations tend to deviate from typical to atypical when the 
events occurring in the work environment do not take place as planned and 
occur unexpectedly (unanticipated). In the studied work setting, atypical 
situations arise during task performance due to issues such as system 
failure, changing weather conditions, or human error. Moreover, these 
situations can be either critical or non-critical. An illustration of an atypical 
situation which is unanticipated and critical is presented in the following 
scenario. The transcript is obtained from an interview conducted with the 
Tower Controller (TC). 
TC I had awkward situation the other day where I had a tight gap on 
the Approach, for inbound normally you have an aircraft on the 
Runway and an aircraft on the Approach. Now the inbound had got 
in just before 2 miles and the outbound was rolling. So thought 
everything was fine. The outbound had just got airborne and the 
inbound called going around, because he wasn’t stable. That’s not 
good for the approach as well…… because this one has climbed to 
3000 ft and the other one, outbound underneath him had climbed 
to 4000. 
In this scenario, the situation changed from typical to atypical when the 
pilot of the aircraft approaching the airport decided not to land on the 
Runway as it was unstable for landing. This is indicated in the description of 
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the situation by the TC. His decision, “going around”, in order to come back 
and try again to land on the Runway posed a problem for the TC in 
managing both inbound and outbound aircraft. This was because the space 
between the two aircraft was at the minimum distance permitted by the 
standard operating procedure. There was also a possibility for the two 
aircraft getting closer than the acceptable distance which would have posed 
a safety threat. Hence, this situation is unanticipated but at the same time 
critical.  
An example of atypical situation which is unanticipated and non-critical is 
given below. This transcript is extracted from the field-notes taken during 
the observation sessions undertaken in the Control Tower. 
One of the stop-bars near the Runway stops functioning. TC to the 
pilot of a landing aircraft – “Saudi Seven Three Two Nine, tower. 
We’ve got a launching problem at the moment. The alpha stop-bar 
is not deselecting so will have to hold you in that position. We will 
require Marshall guidance to take you on and off the Runway and 
the stop bars. Hold your position. We will get you sorted out in the 
next line”. 
In the above scenario, a stop-bar (signal to taxiing aircraft) near the Runway 
unexpectedly ceases to function. The stop-bars are important points between 
the Taxiways and Runway. According to the standard operating procedure, 
departing aircraft have to wait at this point and the pilot has to get clearance 
from the Tower Controller (TC) before proceeding onto the Runway. The 
stop-bar ceases to function suddenly and causes problems for the TC in 
guiding the movement of the aircraft from the Taxiway onto the Runway. 
The TC now has to deploy other means of performing the operation. 
Although the situation was unanticipated, it is manageable and does not 
present any detrimental effect. Hence, it is conceptualized as a non-critical 
situation.  
The nature of different types of situations faced by personnel during task 
performance are characterised.  A wide range of scenarios exemplifying this 
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classification are obtained from the data some of which are shown here. The 
complete list of the different types of situation generated during data 
analysis in presented in (Appendix 13). The different situation types are 
classified as contextual condition in the model illustrated in Figure 4- 1 as 
they were found during data analysis to present possibilities and constraints 
in undertaking actions and interactions involved in decision making. The 
following section explains how the dynamics of different situations are 
handled and the effect it has on undertaking CDM. 
Critical situations, irrespective of being anticipated or unanticipated, 
present a situation which is deviant from the norm. Hence, the way 
personnel handle these is different from how they would act under normal 
circumstances. This is described by one of the interviewed Tower Controller 
(TC) as:  
TC …because you are operating in a different method you are not 
normally used to. It takes more of your thinking time as well and 
takes more concentration. It sucks away the normal natural way you 
are doing the job.  
Accordingly, handling critical situation requires more thinking and 
increased concentration than when handling non-critical situations. In 
addition to being critical, if the situation is unanticipated, personnel need to 
make changes to plans that were devised in anticipation of certain state in 
the work process, have less time to think and plan changes, and have to 
perform the required coordination “quickly” with those involved in task 
performance. The following interview transcript illustrates this.  
TC So it’s a quick call to Radar (Approach Control), saying that‘ this one 
is going around, I’ve turned him left heading North, 3000 ft coming to 
you’. I also gave the outbound to him as well, because he could sort 
them out. So it’s the case of changing the plan quickly that you have 
set up, coordination with them on the phone to tell them what’s 
going on. That’s the case of thinking quickly on the spot because this 
one has climbed to 3000 ft and the other one, outbound underneath 
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him had climbed to 4000. It’s that situation and if you let them run 
together they get very close. It’s a lot of talking on the phone and lot 
of thinking quickly. 
The above scenario depicts how the TC handles a ‘missed approach’ when 
the pilot of approaching aircraft is unable to land on the Runway. The pilot 
makes the decision in this case to not land the aircraft on the Runway. The 
TC is in agreement with the decision made by the pilot and displays this by 
performing the associated actions and interaction. When the pilot informs 
the TC that he is “going around” instead of landing on the Runway, the TC 
in turn informs the Radar Controller in the Approach Control, gives him the 
necessary information and hands over control of the aircraft. However, 
handling this situation requires thinking quickly on the spot, changing the 
plan quickly, and coordinating with related people ‘quickly’. Actions and 
interactions in decision making have to be performed ‘quickly’ by all related 
personnel as the dynamics of the situation restricts time available for 
making decisions in collaboration with others involved in undertaking the 
task. This scenario illustrates the contextual condition (Figure 4- 1) in which 
decisions have to be made in the course of task performance. In particular it 
depicts the change in context from typical to atypical situation and the 
remifications it has on the way decision is made by personnel involved in 
performing the the task.   
Also, the data reveal that when acting in an atypical situation, there is 
increased instruction transmission between personnel across different work 
units and requires increased concentration. In the above scenario, the 
change in plan needs to be communicated to other related personnel (lot of 
talking on the phone) in order to perform quick coordination. The inference 
is that decision making in atypical situations requires “quick” action and 
reaction from personnel as they are not prepared to manage the requirements 
of such situations and the time available for involving others in decision 
making is limited. 
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Moreover, the interconnected nature of decision making requires that 
personnel comprehend changes occurring in the work environment within 
the realms of their own work unit as well as those occurring beyond. This is 
facilitated by “keeping the interaction between each other going” across 
work units and is depicted in the following scenario. The transcript is 
obtained from one of the interviews conducted with a Ground Controller 
(GC) in the Control Tower at the airport.  
GC There are lot of issues with the police helicopters because we use 
our taxiway as a runway for them basically. The tower will give 
them permission to take-off. So, he is giving helicopter permission 
to take-off and then my taxiways, so can you see we talk a lot to 
each other. If he (an aircraft) turns right and stops, this helicopter 
will go up in scrambles. He wants to make it right, if nothing is 
happening, I will just tell him (tower). He is scrambling because he 
is going to call the radar to let them know that the police helicopter 
is on the way, he is going to be making space for them to get out. 
So it is important to keep the interaction between each other going. 
The police helicopter pilot places a request for take-off to the GC. Since, 
these pilots can take-off any time as required; they do not have to file a 
flight plan ahead of time. So when the request is made, it creates a 
contextual condition which is an unanticipated situation for the controllers 
in the Control Tower. Also, the location from which the helicopter takes off 
creates a critical situation. These present constraints in performing actions 
and interactions involved in making the decision to give permission to the 
helicopter pilot to take-off from the taxiway. The helicopter take-off occurs 
from the Taxiway which is under the control of the GC, but the permission 
to take-off has to be given by the Tower Controller (TC). This situation 
creates complications in making the decision to permit the helicopter to 
take-off as the operation is a deviation from the normal one.  In order to 
handle this atypical situation, the controllers in the Control Tower of the 
airport and those in the Approach Control need to keep the interaction 
between each other going about occurrences in the setting of their individual 
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work unit and requirements arising during task performance in order to 
make informed decisions. 
In contrast to atypical situations, decision making in typical ones takes 
place by planning actions in response to expected events. An important 
aspect of this process is gaining “a look-ahead” which facilitates 
anticipation of occurrences during task performance and provides the 
required awareness. This is achieved through various ‘anticipatory cues’ 
obtained through verbal, visual, and auditory means. The cues provide 
indications about the state of other’s activities during task performance and  
requirements to be fulfilled as well as events expected to occur in the work 
environment. An example of anticipatory cues established through visual 
observation is illustrated below. The transcript depicting the scenario is 
obtained from an interview conducted with the Ground Controller (GC) in 
the Control Tower of the airport.  
I When they (departing aircraft pilot) first contact you do you put them 
in the Pending bay there? 
GC Yes, first contact and clearance I put them in there. This is an 
example here (pointing to the strips in the pending bay), two 
(aircraft) next to each other. We have had these two next to each 
other quite sometime. He has shut his doors, he might be calling 
soon. I’ve just pushed him back and see where he is turning, see the 
one that is boarding, I imagine his doors are shut and I think he is 
going to be calling soon. There is no where he can go is there? I’ve 
just pushed the aircraft behind him….pull forward to stand 8. So it 
gives that guy chance to stand out. So that’s why need to have the 
stand numbers annotated there. So it gives us awareness to where 
the aircraft are and we can start planning. 
The GC is explaining the arrangement of Flight Progress Strips (FPS) on the 
strip holding bay and its reflection of the departing aircraft’s movement 
from the parking stand to the Runway. In this scenario, there are two aircraft 
in the Apron area, parked next to each other on the stand (stand 7 and 8), 
and waiting to depart. The corresponding FPSs are arranged by the GC next 
to each other on the ‘pending’ section of the strip holding bay (Figure 5- 2).  
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Figure 5- 2 : Flight Progress Strip Holding Bay on Ground Controller's Position in Control Tower 
From the Control Tower, the GC also visually observes occurrences in the 
parking stand (7 and 8) corresponding to where the two aircraft are parked. 
He notices that the door of the aircraft on stand 7 is closed, which is 
considered to be an indication that the pilot of the departing aircraft will be 
contacting the GC to request permission to ‘push-back’. The GC is 
performing this operation in parallel with that of aircraft pilot in stand 8 who 
has already been granted permission to do so. The GC visually observes the 
movement of the two aircraft and that of the corresponding FPS on the strip 
holding bay. He anticipates that the pilot of the aircraft in stand 7 will be 
contacting him shortly. Based on this expectation the GC plans the actions 
to take and corresponding decisions to make in managing the movement of 
both departing aircraft. The dynamics of this situation here presents 
possibilities for planning ahead and provides sufficient time to determine 
pertinent action to be taken.  
As seen above, a vital aspect of decision making in a contextual condition 
that is typical situation is anticipating the state of related entities and 
planning the course of action accordingly. In addition to anticipatory cues, 
two other factors which facilitate anticipation are found in this study to be 
adherence to procedure and “getting tuned to each other”. Adherence to 
procedure during task performance helps personnel to form expectations of 
forthcoming events and behaviour of others during task performance. The 
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following transcript of an interview conducted with the Ground Controller 
(GC) in the Control Tower provides an illustration of this through decision 
making taking place in the performance of an ‘engine run’. 
GC When he (Ground Controller) took over from X, a Thompson aircraft 
from the East Apron wanted to perform an engine test in the 
Thompson Stand. It just wanted to start its engine and test it. In such 
cases, they are permitted to perform the test anywhere in the airport. 
They need to get permission from the Control Tower for this. So if any 
aircraft has to perform an “engine run” the aircraft handling agent 
(e.g. Signature, Monarch, Thompson etc.) or the aircraft operators 
have to first call the Operations Department and inform them that 
they want to perform an engine run. The Operations Department calls 
the Assistant in the Control Tower to request permission. The 
Assistant writes the information (aircraft type, where the test going to 
be done, what exactly is going to be done, time the test is going to be 
done, duration of test, etc.,) passed onto her on a pink flight strip, and 
places it front of the GC. The pilot of the aircraft later calls the GC 
requesting permission to perform the engine run. 
Figure 5- 3 :  illustrates the sequence of communication taking place 
between personnel from different work units in order to perform the ‘engine 
run’. This is structured by the procedure to be followed which necessitates 
requesting permission, getting approval, giving permission, and information 
transfer to perform the task of ‘engine run’.  Appropriate personnel are 
informed in advance of the requirements to be fulfilled and expected state of 
entities in the work setting. Hence, by adhering to the standard procedure, 
the corresponding interactions help form expectations of forthcoming 
occurrences in the work environment, requirements to be fulfilled, and 
actions of other personnel. When the aircraft pilot calls the GC to request 
permission, the dynamics of this situation has provided opportunities for the 
latter to anticipate the request and determine the pertinent action. 
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Figure 5- 3 : Sequence of Communication while performing 'Engine Run' Operation 
Furthermore, experience (‘getting tuned to each other’) of collaborating 
with others helps anticipate their requirements and actions. This is reflected 
in the following field-note made during an observation session in the 
Control Tower.  
They (personnel in the Control Tower) follow one shift pattern for a 
period of 5 months and after which it is changed. One of the 
controllers said she prefers it to be this way because it is easier to 
get tuned to the way other people work, which makes it easier for 
her to anticipate their requirements and cater to them accordingly.  
Similar to undertaking decision making in unanticipated critical situations, 
anticipated critical ones also involve performing “quick” actions, increased 
concentration, and increase in information exchange between related 
entities. For instance, this is illustrated in the scenario presented previously 
on managing air traffic during ‘peak hours’ in the airport. At these times the 
workload of personnel in the Control Tower increases and presents time 
constraint in undertaking CDM during task performance. Such situations 
can be anticipated to occur because information about the expected state of 
relevant entities is available beforehand. For example, the FPS which 
contains information about arriving and departing aircraft is made available 
to the controllers in the Control Tower half an hour before the arrival of 
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aircraft. This helps them to anticipate the number of arriving and departing 
aircraft during the ‘peak hour’ and undertake decision making accordingly.   
The findings presented above describe the different types of situation arising 
during task performance and the ways in which they are handled by 
personnel.  A reflection on how this influences involvement of personnel in 
CDM is presented next. The data is indicative of how the dynamics of 
situation of task performance shapes participation in CDM by presenting 
possibilities and constraints in undertaking the activity. The situation 
dynamics were classified according to their predictability and criticality 
during task performance. These comprise the contextual condition aspect of 
the conceptual framework presented in Figure 4- 1. The data shows that 
such contextual conditions specifically have an effect on the temporality, 
intensity, structure and flexibility in performing actions and interactions 
involved in decision making. The main difference between typical and 
atypical situations presented by the findings is that in the former, there is 
sufficient time available for personnel to interact with each other, plan, and 
make decisions. However, when the situation changes from anticipated to 
unanticipated and non-critical to critical, personnel have to work under 
time constraint. They are restricted not only in the time available to interact, 
plan, and make decisions but also in undertaking actions and interactions 
consequential to decision made. Hence, unanticipated and critical situations 
require “quick” response from personnel which is depicted in the codes 
changing the plan quickly, thinking quickly on the spot, and quick 
coordination. With respect to intensity of interactions, the findings reveal 
that frequency of information exchange increases in atypical situations 
including both unanticipated and anticipated critical ones. This is depicted 
for instance in the codes lot of talking on the phone, increased instruction 
transmission, keep everyone informed and we talk a lot each other. 
Conversely, in typical situations the intensity of information exchange was 
not found to increase. 
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Furthermore, the dynamics of situation structure who will be involved in 
CDM during task performance. Variation in situation types begets 
involvement of different personnel. In the example of the ‘stop-bar’ not 
functioning on the Taxiway presented previously, ‘follow-me’ vehicles are 
used to guide the aircraft movement into and out of the Runway. Under 
normal circumstances, when the ‘stop-bar’ is functioning, the Tower 
Controller (TC) will only have to interact with the aircraft pilot. However, 
in this case the TC has to liaise with the ‘follow-me’ vehicle and the pilots 
of the aircraft. Hence, the change in situation from typical to atypical 
changes the structure of interaction taking place during decision making. 
The findings also reveal that while performing tasks in non-critical 
situations there is more flexibility in undertaking actions and interaction 
involved in decision making than in critical ones. For example, in the 
former, personnel have flexibility in the time taken for interacting with each 
other, whereas in the latter, this is restricted because of the time constraint.  
Another condition affecting CDM in the studied setting was found to be the 
heterogeneous nature of work units. Since task performance requires 
involvement of multiple personnel from different work units; differences 
between work units forms another contextual aspect of CDM. The 
dimensions along which the studied work units are heterogeneous and the 
effect this has on personnel’s participation and contribution to decision 
making is described next. 
5.2.2. Heterogeneity of Work Units 
In the studied setting, differences were identified between work units 
performing ATC operations at the airport. This is has been described 
previously in chapter 3 and Appendix 1. The heterogeneity of work units is 
addressed here at a more conceptual level and the emergence of the 
theoretical construct - dimensions of heterogeneity - during data analysis is 
explained.  
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Figure 5- 4 : Codes and Categories of Theoretical Construct: Dimensions of Heterogeneity  
Differences between work units in the studied setting were identified with 
respect to their physical location, workplace setup, personnel’s expertise, 
role and responsibility in the work process, work practices and technological 
resources used. These are categorized into four forms of heterogeneity 
which include spatio-temporal, resource, procedural, and situational 
(Figure 5- 4). These dimensions of heterogeneity were found to influence 
the way personnel undertake CDM during task performance and is therefore 
considered to be a contextual condition (Figure 4- 1). 
Spatio-Temporal Heterogeneity 
The airport is characterized by multiple work units which are physically 
distributed in the space of the vast setting.  The physical location of the 
work unit presents certain contextual conditions which provide possibilities 
and constraints in undertaking CDM. For instance, only some work units 
have direct access to the common field of work in the airport (Runway, 
Taxiways and Apron Area), such as personnel in the Control Tower, Fire 
Station, Operations Centre, Airline Hangers and Maintenance Workshop as 
well as the aircraft pilots. The following transcript from an interview 
conducted with the Ground Controller (GC) in the Control Tower illustrates 
this aspect. 
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GC (pointing outside to an aircraft in its stand) ….you see the guy 
(ground staff) walking over there now unplugging the leather flaps 
while he talks to the pilots and then we will be expecting him to 
taxi any minute now…any second now.. 
This depicts the visual access personnel in the Control Tower have to the 
common field of work in the airport. In the above scenario, the GC can 
visually observe the behaviour of ground staff in the aircraft parking stand. 
Based on his actions, the GC makes inference about when the aircraft pilot 
will contact the Control Tower to request clearance to commence departure. 
The spatial location of the Control Tower provides a context based on which 
inferences can be drawn during decision making. The location allows the 
GC in the Control Tower to visually observe occurrences in the common 
field of work and determine its relevance to decisions to be made during 
task performance. Although personnel in the Control Tower, ground staff 
and aircraft pilots are physically distributed, they are within visual range. 
Conversely, some work units are so vastly distributed that it would not be 
possible to have access to the common field in an immediate way as in the 
case of personnel functioning in the Central Flow Management Unit 
(CFMU), MET Office, Approach Control, and Emergency Services. Access 
to the common field of work is mediated through technology such as CCTV 
camera and Radar. The spatial distribution of work units affects direct 
access to the common field of work and means of obtaining information 
required for decision making during task performance. Hence, location of 
the work unit provides certain contextual conditions which determine 
possibilities and constraints for undertaking actions and interactions during 
CDM. 
Moreover, the physical location of the work units provides different 
viewpoints to personnel. One of the challenges presented by this 
heterogeneity is that undertaking decision making in collaboration with 
personnel across physical distance has to take place through limited means 
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of communication and interaction as it restricts possibilities for direct face-
to-face interactions. Also, during task performance the contextual condition 
of work units varies with its location. For example, personnel can be 
functioning under different time constraints depending on the dynamics of 
situation in their respective physical location. Hence, when they come 
together during decision making they can have differing temporal 
requirements.  
Procedural Heterogeneity 
The findings show that difference between work units also exists with 
respect to their location in the work process, which is depicted as 
procedural heterogeneity during data analysis. Based on the procedural 
location of the work unit personnel have different expertise, viewpoints, 
roles, responsibilities and work practices. They focus on different aspects of 
task performance. The procedural location of personnel during task 
performance presents certain contextual conditions which influence the way 
CDM is undertaken across work units. The findings indicate that this 
influences their involvement in CDM with personnel contributing to 
decision making in different ways. For instance, decision making involved 
in landing an aircraft on the Runway requires participation of multiple 
personnel from different work units. The following transcript from an 
interview conducted with the TC depicts the differences in participation in 
CDM through the information provided by personnel to facilitate decision 
making.  
TC For the arriving aircraft, mostly information is given by the Approach. 
We can give the clearance to land, we give the wind... surface wind. 
Again when we have issues like today…poor visibility…we will give 
the Runway visual range and again if the aircraft are operating 
around helicopters, we give traffic information. 
The controllers in the Approach Control and those in the Control Tower 
participate in decision making at different instances. Also, they provide 
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specific information which is accessible only from their work unit. The pilot 
of the aircraft assimilates this information and manoeuvres the aircraft. 
Based on their procedural location personnel from all three work units 
participate in CDM by contributing in diverse ways.   
Resource Heterogeneity 
The findings show that work units also vary in the facilities available to 
them for undertaking CDM. The difference in resources available for 
participating in CDM is depicted as resource heterogeneity during data 
analysis. The resources provided in each work unit presents possibilities and 
constraints for performing actions and interactions, and thereby certain 
contextual conditions for personnel undertaking CDM. For instance, the 
awareness required for involvement in decision making is established 
through different means in different work units. The controllers in Approach 
Control and Operations Centre are in an enclosed building with no direct 
view of the outside world. They can observe what is happening in the 
common field of work only through technological artefacts such as the 
Radar and CCTV cameras. In complete contrast, the controllers in the 
Control Tower have both direct visible access to the common field of work 
and are supplemented with technological artefacts such as Radar. This study 
focuses particularly on the technological artefacts facilitating awareness, 
communication and coordination during decision making.  
The findings indicate that the means and mechanisms employed by 
personnel to participate in CDM vary with the work units. This is 
demonstrated in performing the task of aircraft departure from the airport. 
Communication between Ground Controller (GC) in the Control Tower and 
the departing aircraft pilot takes place verbally over the telephone whereas 
that between the GC and Coordinator in the Approach Control is through a 
technological artefact (Departure Status Information (DSI) System). The 
different means of interaction present varying possibilities and constraints in 
collaborating with other personnel during decision making. For instance, the 
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following transcript of an interview conducted with the GC in the Control 
Tower illustrates his use of the DSI system to communicate the decisions 
made by him to the Coordinator in the Approach Control when performing 
the task of aircraft departure. Based on this the Coordinator makes further 
decisions thereby collaborating with the GC.  
GC The next screen is the Departure Status Information. This gives 
message to the Radar centre at West Drayton as to what state the 
traffic are in. When I give an aircraft pushback or annotate it with an 
active sign, the Assistant at West Drayton will put the strip in front of 
the Coordinator. When it taxis out to the holding point, our Assistant 
will then put a hold and again take-off on the screen (on her 
Departure Status Information screen). So basically what it is, is 
situation awareness with the Radar centre down the road…. 
In the above scenario, the GC makes a number of decisions with regard to 
guiding the departing aircraft pilot to move from the parking stand to the 
Taxiway. When the GC decides to give permission to the pilot to ‘pushback’ 
from the stand, he annotates the DSI system to reflect his decision. This is 
disseminated to the Coordinator’s system in the Approach Control. 
Similarly, when he makes the decision to give the aircraft pilot permission 
to Taxi to the Runway, the Assistant in the Control Tower annotates the DSI 
system correspondingly which get reflected in the Coordinator’s system. As 
a result, the Coordinator in the Approach Control can make further 
decisions in relation to this departing aircraft movement such as deciding to 
slow incoming air traffic in order to arrange a gap to make it possible for the 
aircraft to depart. Whilst the DSI system facilitates decision making in 
collaboration with personnel across work units, it constraints the interaction 
between controllers across the two work units to non-verbal means and does 
not permit verbal interaction. Conversely, the GC communicates with the 
aircraft pilot verbally through the radio telephone making it possible to 
discuss and make clarifications during decision making. Therefore, the 
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technological resources by presenting these possibilities and constraints 
provide certain contextual conditions when undertaking CDM. 
Situational Heterogeneity 
Heterogeneity of work units also exists pertaining to the situation in which 
they operate. When personnel from different work units are involved in 
CDM, the situation faced by them varies with their location (spatial and 
procedural). The findings indicate that the situation type at one work unit 
can be atypical situation whereas that in another work a typical situation. 
The scenario depicted in the following field-note taken during the 
observation and interview sessions in the Control Tower illustrates this 
aspect.  
TC Was on the phone with someone(?).em.. hang on a second… she 
comes over to GC and asks minimum spacing for two six is it four? 
GC Four miles 
TC She goes back to the phone and says … we will take four…four 
minimum. 
GC Let’s just pack it (aircraft) together. 
I What happened? 
GC The radar control system… they wanted to pack on the approach on 
two six one four miles. gives us time to land them. quite a half turn to 
come off. . once we start clearing then the next one can land……….. 
TC To GC…um…I think…oh bugger!!... he is about to get stitched today…   
TC comes over to GC’s desk…they (approach) have suspended my 
freight flights as well… 
In the above scenario, the controllers in the Control Tower are operating 
under typical non-critical situation, whereas those in the Approach Control 
are operating under a seemingly critical one. The situation at each work unit 
presents certain contextual conditions which influence the way personnel 
undertake CDM. The above transcript demonstrates that personnel in the 
Approach Control are having issues in managing the flow of incoming air 
traffic (indicated particularly in the last lines). Hence, they have requested 
those in the Control Tower to allow the approaching aircraft to have 
 133 
minimum separation. Also, the TC’s conversation with the GC emphasises 
that the situation in the Approach Control is critical. This illustrates the 
differing requirements raised by situational heterogeneity when personnel 
collaborate during decision making. Here, the decision of having minimum 
separation between incoming aircraft is made by the controller in the 
Approach Control in collaboration with those in the Control Tower. The 
controllers in both units are operating under varying conditions and 
therefore have differing requirements. However, this is reconciled by the 
controllers in the Control Tower agreeing to cater to the requirement of 
those in the Approach Control.  
The findings show that the dimensions of heterogeneity of work units affect 
CDM with respect to a number of aspects. These are classified as contextual 
conditions in the model depicted in Figure 4- 1 as they present possibilities 
and constraints in performing actions and interactions to undertake CDM. In 
particular, difference in spatial location influences the means (direct or 
indirect) of obtaining information required for participating in decision 
making. This also presents different viewpoints and limits the means of 
interaction across physically separated work units with communication 
mostly mediated through technology. In addition, the temporal 
heterogeneity gives rise to variation in the time available for personnel to 
participate in decision making. The type of situation in which they function 
also varies with the physical location. Consequently, when participating in 
decision making personnel operate in varying conditions and requirements. 
Various means and mechanisms are employed by personnel to interact with 
others involved in decision making. Also, their contribution during CDM 
varies with the procedural location of their work unit. This gives rise to 
diverse requirements which needs to be reconciled.  
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5.3. CAUSAL CONDITION 
The data analysis indicates that personnel from different work units are 
brought together to undertake CDM as they are dependent on each other for 
required information, performing necessary actions and making related 
decisions. For instance, during decision making, personnel require 
information which is beyond the access of their work unit and available in 
another, thereby bringing personnel from different work units together. 
Similarly, the cooperative work arrangement begets reliance on others 
during decision making for performing required actions and making related 
decisions. Hence, dependencies are conceptualised in this study as the 
causal condition bringing personnel together to undertake decision making 
in collaboration with others during task performance. Furthermore, the 
findings suggest that CDM is structured by the dependencies arising during 
decision making. 
5.3.1. Dependencies between Work Activities 
In this thesis, ‘dependency’ is considered to be the state of reliance on 
somebody or something for information, actions, and decisions at the task 
level, and at the social level for guidance, control, and assistance. 
Dependencies indicate the relational orientation between personnel 
undertaking the task and interconnections between their work activities.  
A classification of dependencies was developed in this study from the 
analysis of data and conceptualized as types of dependencies. The 
classification is based on the factors influencing the configuration of 
dependencies arising during task performance which include the type of 
situation, the procedure to be followed as well as the emerging information 
and temporal requirements. These factors are not mutually exclusive and 
work in conjunction. Consequently, the dependencies arising during 
decision making are classified as situational, procedural, information, and 
temporal (Figure 5- 5). 
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Figure 5- 5 : Codes of Theoretical Construct: Types of Dependencies 
 
Situation Dependency 
This type refers to dependencies brought about by the type of situation 
arising during task performance. For instance, during aircraft departure 
under typical situation, dependencies arise between the TC and aircraft 
pilot. The latter is dependent on the former to guide the aircraft movement 
from the Taxiway onto the Runway, to give clearance for takeoff, and 
provide necessary information to depart from the airport. This is depicted in 
the following transcript from an interview conducted with the TC. 
In the above example, the dependency between the aircraft pilot and the 
controller acts as a causal condition (Figure 4- 1) that brings these personnel 
together to undertake CDM. Their participation is structured by the nature 
of dependency between them. The TC provides the necessary information to 
the aircraft pilot who then can make an informed decision to avoid the air 
TC When he (aircraft pilot) is cleared to take-off, by then he is given all 
the information he needs as far as weather conditions are, QNH…all 
you are going to tell him on a normal day on a normal procedure is 
the wind, ‘cleared to take off and the wind is….’ In bad conditions like 
the weather today, the visibility, we also give the Runway visual 
range. The visibility hasn’t been too bad today. It has been constant 
above 1500. The cloud has been a problem.. so today we give the 
RVR and the wind and the clear to take off. so its three things. On a 
nice day you might have lots of other aircrafts knocking around out in 
the zone. So you might give traffic information…’Easy 123 we have a 
light aircraft 2 miles to the East and ---- VFR, cleared to take off…the 
wind is’. You give the traffic information because its only thing that 
allows the pilot to know where traffic is and avoid it.  
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traffic during take-off.  However, when the situation changes to atypical one 
it raises different requirements and consequentially different dependencies. 
This is illustrated in the scenario of system failure (stop-bar failure) 
presented in section 5.2.1. When the ‘stop-bar’ near the Runway ceases to 
function unexpectedly, the configuration of dependencies changes during 
aircraft departure. The following transcript from an interview conducted 
with the TC in depicts this. 
TC (Some problem with the stop bar). 
(To GC) You probably have to get a Marshall out there but I haven’t 
mentioned it to the Apron at the moment. 
 Can you call the Apron and ask them to send a Marshal? 
GC (To TC) Right can we tell the electricians then about this stop bars. 
Say the stop bar is not dropping. 
In the above scenario, a ‘stop-bar’ (an important point between the 
Taxiways and Runway) located near the Runway ceases to function 
unexpectedly. Procedurally, the departing aircraft pilot has to wait at this 
point before getting onto the Runway and get clearance from the TC before 
proceeding. As the stop-bar is not functioning, it causes problems in 
directing aircraft from the Taxiway onto the Runway and the TC has to 
deploy other means of performing the operation. This situation now raises 
dependencies between the controllers in the Control Tower and Apron 
Control, ground staff (marshal), and engineers in the workshop. Also, the 
TC in the Control Tower has to coordinate the movement of the marshal and 
departing aircraft pilot simultaneously while directing aircraft movement 
from the Taxiway onto the Runway. The TC describes this situation 
illustrates as follows: 
TC Yeah. we are not allowed to allow the aircraft to cross over the  red 
stop bar. So we have to get a vehicle to drive over the stop bar in 
front of them. they follow the vehicle, backtrack the vehicle then 
goes back to the holding point. Absolutely ridiculous! the aircraft 
have been standing on the ground there. I have missed two gaps 
because of this. I’ve only given them seven miles as well. (Gives 
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instructions to pilots) This is a very busy period in the evening 
around after 6 when there is heavy inbound traffic.   
As seen here, during aircraft departure under typical situation, dependencies 
are raised between the pilot of the departing aircraft and the TC. Yet, when 
performing the same task under atypical situation, dependencies are raised 
between the pilot, TC and the marshal. In this scenario, when the situation 
changes, dependencies between work activities of personnel involved in 
task performance is a causal condition which produces the need for others to 
be involved to enable the TC to make the decision to give permission to 
take-off .  
Procedural Dependency 
In the studied work setting, procedures are laid down by the organization, 
which have to be followed to perform tasks. This reflects the work 
distribution between personnel belonging to different work units and their 
interconnections. Procedural dependency depicts the configuration of 
dependencies brought forth by the procedures laid down by the 
organization. An illustration of this is the clearance given to the pilots of 
arriving and departing aircraft by the controllers in the Control Tower. The 
following transcript from an interview conducted with the Ground 
Controller (GC) in the Control Tower demonstrates the dependency created 
by the procedure to be followed when performing the task of aircraft 
departure.  
GC The first thing that you have to give is the Departure Route, which is 
his clearance to move. No aircraft can go anywhere without a 
clearance. They need to know where to go basically and if you don’t 
give them a point where to go and where to go from and where to go 
to and a route, they are in limbo. Basically that’s what it is. You have 
to tell him (aircraft) where to go. Otherwise he is going to come up to 
you and say ‘what do I do? What stand am I? Which way do you want 
me to go?’  So clearance is the main part of what we do when we are 
issuing instructions and this clearance is his permission to travel from 
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here to his destination. 
In this scenario, the dependency brought forth by the procedure to be 
followed acts as a causal condition that produces the need for the GC and 
the pilot to work together to make the decision during aircraft departure.  
The following field-note transcript of an observation in the Control Tower 
provides another illustration of the dependency configuration between 
personnel and technological artefacts raised by the procedure to be followed 
during task performance and its role as a causal condition for their 
involvement in decision making. 
For inbound and outbound aircraft, the parking gate number for 
the aircraft has to be written on the strips. The parking gate 
number is provided by Apron Control and is fed into the Flight 
Schedule Window system by them. If the gate number is not 
available in the system, the assistant has to telephone the Apron 
Control Authority to find it and write it on the strip. 
The controllers in the Control Tower are dependent on those in the 
Operations Centre to provide them the required information for managing 
arriving and departing aircraft movement in the airport and making related 
decisions. The procedural dependency between these personnel causes their 
involvement in the decision making. As per procedure, information 
exchange between the controllers in the two units takes place through an 
information representation and dissemination artefact. The controllers are 
dependent on the ‘flight schedule window’ system to transfer this 
information between the two work units. In the event of a problem or an 
issue arising with this system the alternative means of obtaining the required 
information is verbal communication through telephone.  
Information Dependency 
This type of dependency is brought forth by the information requirements in 
task performance. Distribution of work activities across different work units 
leads to personnel being able to obtain only partial and provincial 
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knowledge of the work process with respect to the boundaries of their 
individual work unit. This also limits the access to information required 
during decision making and creates dependencies between information 
available across work units. For instance, this is depicted in the 
responsibility of the Arrival Controller (AC) in the Operations Centre. In 
order for the Ground Controller (GC) in the Control Tower to make the 
decision to land an aircraft in the airport, the stand number in the Apron area 
for parking the arriving aircraft needs to be provided by the AC. This is 
illustrated in the words of one of the management personnel (M) 
interviewed in the Operations Centre: 
M Today X is working in the arrivals position. She is looking at the 
aircraft that are coming in and the EFPS. She is looking at the stand 
planning information and telling tower where to park the aircraft by 
entering the stand number and also for transferring the personal 
information which is used for billing and regulatory into AMOS. So 
she is looking at both these things and moving between the two. 
Here, the information dependency was found to act as a causal condition 
which creates the need for personnel from different work units to participate 
in decision making and also structures information sharing between them. 
Temporal Dependency 
Temporal dependency depicts the dependencies raised by the temporality 
involved in task performance. This type of dependency structures the timing 
of participation in CDM. The findings reveal that not all personnel involved 
in decision making participate at the same time in the cooperative work 
arrangement. Instead, they contribute to CDM at particular instances and 
this is structured by the temporal dependency between their work activities. 
The transcript given below from an interview with the Ground Controller 
(GC) in the Control Tower illustrates this.  
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GC CTOT is Calculated Take-off Time, that’s the time we aim for the 
aircraft to be rolled on the Runway… we have a buffer period 
around that because we try and get the aircraft off the deck exactly 
on the slot. for every single aircraft is waiting, we have a boundary 
of 5 minutes before that time to 10 minutes afterwards…to actually 
get the aircraft air borne. So 8.55 is the actual time for this aircraft 
… so we can get him air borne any time between 8.50 and 9.05… 
According to the procedure to be followed, the pilot of the aircraft has to 
commence departure from the airport within the allocated time period (15 
min). Here, making the decision to depart the aircraft within the Calculated 
Take-Off Time (CTOT)
18
 requires involvement of personnel from different 
work units. The temporal dependency between their work activities acts as a 
causal condition that creates the need for their involvement in decision 
making.  The Central Flow Management Unit (CFMU) provides the slot 
information to the Ground Controller (GC) in the Control Tower half an 
hour before the ‘Off-Block Time’19. Personnel in the CFMU contributed to 
decision making by providing the required information at a specific point in 
time. The GC in response schedules the flow of other aircraft departure so 
that the pilot can move within the CTOT. Hence, personnel from different 
work units perform actions and interactions at specific instances to aid 
decision making based on the temporal dependency between their work 
activities.  
This study demonstrates that the dependencies cause the need for personnel 
to come together during task performance to undertake CDM and has been 
depicted as the causal condition in the model presented in Figure 4- 1. It 
also structures the way CDM is undertaken. The classification of 
dependencies described above illustrates this. For instance, situational 
                                                     
18
 The time the departing aircraft has to take-off. This is the time provided by the CFMU 
with a tolerance of -5 to +10 minutes.  
19
 Time at which the aircraft is ready to commence departure movement from the  airport. 
This includes all doors of the aircraft are closed, and aircraft pilot and push back vehicle are 
ready to receive start up clearance from the Control Tower and push back. 
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dependency determines who needs to be involved in decision making, the 
structure and intensity of interaction taking place between them, 
technological artefacts used and the flexibility involved in undertaking 
CDM. Additionally, procedural dependency determines what personnel are 
dependent on each other for (such as information, actions, decisions, 
guidance, control and assistance) and who is dependent on whom 
(depender-depended relationship). It also helps personnel to set 
expectations, possibilities, and limitations while undertaking CDM. 
Moreover, information dependency structures information sharing and 
temporal dependency structures the timing of participation in CDM.  
5.4. SUMMARY 
The conditions influencing the occurrence of CDM during task performance 
in a complex work setting have been discussed in this chapter. The 
conceptualisation of dynamics of situation and heterogeneity of work units 
as contextual conditions in this study and their effect on CDM is explained. 
The emergence of dependencies as a causal condition is described besides 
illustrating its role in structuring the way CDM is undertaken. The next 
chapter presents the emergence of managing interdependencies as the ‘core 
category’ and its related categories formulating the theory of CDM. 
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CHAPTER 6 
 
COLLABORATIVE DECISION MAKING 
AS A PROCESS OF MANAGING 
INTERDEPENDENCIES 
6.1. INTRODUCTION 
The chapter describes the emergence of the central concept on which the 
conceptual framework of Collaborative Decision Making (CDM) is 
constructed. It is the ‘core category’ in Grounded Theory Methodology 
(GTM) which was identified to be managing interdependencies in this 
study. The ‘Six Cs’ theoretical coding family employed to structure the 
theoretical framework of CDM focuses on this core category. The previous 
chapter describes the contextual and causal conditions of this framework 
whilst the covariance, contingency and consequence constituents are 
explained here. Through this, the chapter explicates how CDM in the 
cooperative arrangement of complex work settings is a process of 
managing interdependencies. A complete account of the theoretical 
constructs, categories, codes and their relationships which lead to such a 
depiction is presented.  
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6.2. MANAGING INTERDEPENDENCIES AS ‘CORE 
CATEGORY’ 
In Grounded Theory analysis, the researcher keeps a look out for the ‘core 
category’ during the various coding phases. This is the main theme arising 
from the data and can be any kind of theoretical code such as a process, a 
condition, a dimension, or a consequence (Glaser 1978). In this study, 
managing interdependencies emerged as the ‘core category’. As presented in 
chapter 5 the findings indicate that personnel are brought together to undertake 
decision making in collaboration with each other by the dependencies arising 
between their work activities. The way personnel manage the relational 
orientation emanating from the dependencies accounts for much of their social 
behaviour and contribution in CDM. This led to the emergence of managing 
interdependencies as the core category explaining the occurrence of CDM in a 
complex work setting. Moreover, during data analysis this was a frequently 
occurring concept in the data and formed meaning links between the categories 
forming the theory of CDM, which satisfies the criteria presented in GTM for it 
to be considered a ‘core category’ (Glaser 1978; Glaser 2001). The model 
presented in Figure 4- 1 focuses on this core category. Hence, managing 
interdependencies is placed at the centre and the other concepts placed in 
relation to this in the depicted conceptual framework of Collaborative 
Decision Making (CDM). 
In this study, managing interdependencies denotes the process of 
managing the reliance on somebody or something to fulfil the 
requirements arising during task performance. With respect to decision 
making in a cooperative work arrangement this involves managing the reliance 
on others for obtaining required information, performing necessary actions and 
making related decisions. The following transcript of an interview conducted 
with the Ground Controller (GC) in the Control Tower illustrates this. 
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GC The first thing that you have to give is the Departure Route, which is 
his clearance to move. No aircraft can go anywhere without a 
clearance. They need to know where to go basically and if you don’t 
give them a point where to go and where to go from and where to 
go to and a route, they are in limbo. Basically that’s what it is. You 
have to tell him (aircraft) where to go. Otherwise he is going to 
come up to you and say ‘what do I do? What stand am I? Which way 
do you want me to go?’ 
In the scenario presented above, the pilot of the departing aircraft is dependent 
on the GC to obtain the information required for decision making. Managing 
this dependency requires the former to provide the latter with the required 
information thereby leading to CDM.  
The findings reveal two key processes involved in managing 
interdependencies. They are aligning work activities and keeping people in the 
loop. Emergence of these theoretical constructs from the data is described next.  
6.3. MANAGING INTERDEPENDENCIES BY ALIGNING 
WORK ACTIVITIES 
In this study, aligning work activities (AWA) denotes the process of 
synchronizing work activities of personnel in order to manage the 
dependencies during task performance. The data analysis brings forth the 
covariance relationship between AWA and dependencies as the former 
takes place in response to the latter. The findings indicate that in order to 
manage the dependencies arising during decision making, personnel align 
their work activities through three modes of synchronization. This 
includes synchronizing actions, decision making, and perception. These 
are not mutually exclusive and work in conjunction with each other.  
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6.3.1. Synchronizing Actions 
The way personnel synchronize their actions to manage the dependencies 
arising between their work activities is depicted through the categories 
correlating actions and managing temporality. The codes generated during 
the analysis which form these categories are depicted in Figure 6- 1. 
 Anticipating
 Requesting
 Responding
 “working things 
between each other”
Code
Category
Theoretical Construct Synchronizing Actions
Correlating Actions Managing Temporality
 Prioritizing
 Optimizing
 Scheduling
 Managing Time Constraint
 Performing Actions at the 
Right Time
 
Figure 6- 1 : Codes and Categories of Theoretical Construct: Synchronizing Actions 
 
In this study, correlating actions denotes the establishment of orderly 
connections between actions through anticipatory and reciprocal relations. 
The former involves anticipating each other’s requirements, behaviour, 
and state of entities in the work setting. Based on the expectations formed, 
personnel plan and organize work activities in relation to that of other’s. 
Conversely, the latter involves responding to stimuli such as requests to 
perform actions and information obtained from others. An example of 
correlating actions through these means is illustrated in the following 
transcript obtained from an interview with the Ground Controller in the 
Control Tower. The transcript depicts the procedure for undertaking 
maintenance work on aircraft in the airport.  
GC If they (aircraft) want any maintenance work to be done they 
need the permission of the Apron Control first. The airline 
operator or the maintenance operator will call the Apron 
Control. Say for example if that aircraft want to do a ‘compass 
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swing’ and they say ‘yeah’. There is no  booking time for the 
compass swing and they say ‘yeah, you can do it at that time. 
Giving you permission’. Then they tell the Assistant, tell them 
what’s going on. The Assistant will then write it and put it in 
front of us. We just sit there waiting for them to call us and then 
do the necessary when he calls up. 
In this scenario, decision making involved in giving permission to the 
aircraft pilot to perform maintenance work requires managing the 
dependencies between the work activities of personnel from different work 
units. This takes place by means of correlating their actions through 
anticipating, requesting and responding. Anticipation of aircraft pilot’s 
requirements and behaviour is established based on the information 
obtained from other personnel. When any maintenance work has to be 
performed on an aircraft, the corresponding airline operator places a 
request with the Ground Controller (GC) in the Apron Control (Operations 
Centre) first, who informs the Assistant in the Control Tower, who in turn 
informs the GC in the Control Tower. Based on the obtained information, 
the GC in the Control Tower anticipates the requirements to be fulfilled 
and behaviour of aircraft pilot, and determines actions needed to be 
performed to correlate his actions with that of the aircraft pilot. Also, in 
the above example, the GC in the Operations Centre correlates his actions 
with that of the airline operator by responding to the request made by him 
to provide permission to perform the operation. 
This scenario demonstrates the relationship depicted in the conceptual 
framework presented in Figure 4-1. Aligning work activities of the airline 
operator, pilot and controllers in the Apron Control and Control Tower 
takes place in relation to the dependencies that arise in making the 
decision to allow the aircraft pilot to perform the maintenance work. 
Furthermore, aligning work activities takes place by synchronizing actions 
of these personnel which leads to managing interdependencies arising 
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between their work activities in performing the operation of aircraft 
maintenance.  
Another means of correlating actions is by “working things between each 
other” as depicted in the following transcript which is a continuation of 
the interview presented above. The chart of the airport Aerodrome is also 
provided below to help understand the scenario described in the interview 
transcript. 
  
The Compass Base… aircraft 
are landing in runway 
26…they come upto to 
Bravo... the compass bay is 
there… see there (pointing to 
the compass base in front of 
the tower near the runway)… 
so there is a bit of a issue 
there.  The first issue is 
against the flow of traffic. 
Also another issue is that it’s 
crossing an active holding 
point, which is protecting the 
runway. So I’ve coordination 
to do with the tower there to 
cross the holding point to get 
onto the runway. So there are times when I have to talk to the tower and also 
I have to make sure there is gap in the traffic to be able to get the truck 
across, because you have lots of traffic coming. I will need this little bit of 
space. So it gives a case to talk to the tower. Just work this between when you 
can do it. 
In this case, the aircraft to be taken for maintenance work on the ‘compass 
base’ is at the parking stand in the Apron area. When the pilot of the 
aircraft calls the GC in the Control Tower, he needs to issue clearance to 
allow the aircraft to be towed to the compass base. However, the compass 
base is at a critical location near the Runway and causes issues in aircraft 
movement on the Taxiway. Hence, the GC has to coordinate with the TC to 
arrange a gap between incoming aircraft so that the aircraft on the ground 
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can be allowed to be towed from the parking stand to the compass base. In 
addition, to arrange the required gap in incoming air traffic, the TC and 
the Approach Controller need to correlate their actions by “working things 
between each other”.  
Synchronizing actions to align work activities of personnel across work 
units also requires managing temporality. Data analysis shows that this 
involves prioritizing, optimizing, and scheduling actions of personnel 
involved in decision making. This is illustrated in the following transcript 
of the field-note obtained from the observation sessions conducted in the 
Control Tower.  
 
In another situation there is a light aircraft waiting to take off at 
holding point C1 and a police helicopter (green strip) at holding 
point B1 (highlighted in red in the above figure). Also, there is an 
approaching aircraft on runway 08. The TC (This is going to be a 
good one!) wants to send these two VFR flights and land the 
approaching aircraft at the same time. He can allow the two flights 
to take-off at the same time because they take different routes once 
they take off. He calls the Approach Control and asks them to slow 
the approaching aircraft so that he can get these two aircraft to 
take-off and manages to do all three within a minute. 
In this case, performing the departure and landing of the three aircraft 
simultaneously requires synchronizing the actions of the aircraft pilots and 
that of the Tower Controller (TC) by managing the temporality between 
them. The TC achieves this by prioritizing and scheduling the timing of 
aircraft departure and landing. Also, the TC requests the Approach 
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Controller to slow the approaching aircraft so that both the helicopter and 
light aircraft can depart at the same time from the Runway. Here, the TC 
and Approach Controller synchronise their actions and align work 
activities in relation to the dependencies arising task performance. As 
depicted in Figure 4-1 this leads to managing interdependencies involved 
in making the decision to allow the departure and landing of the three 
aircraft simultaneously.  
6.3.2. Synchronizing Decision Making 
Synchronizing decision making of personnel in the cooperative work 
arrangement occurs by managing the distribution in decision making as 
well as the interconnections involved. The former is achieved by 
correlating decisions made by different personnel whilst the latter by 
bringing them together during decision making which is labelled during 
data analysis as cohering decision making. In this study, correlating 
actions denotes the establishment of orderly connections between 
decisions of personnel involved in task performance whereas cohering 
decision making indicates unifying their decision making. The codes 
generated during data analysis which form these categories are depicted in 
Figure 6- 2.  
 Explicit Orientation
 Implicit Orientation
Correlating 
Decisions
Synchronizing Decision MakingTheoretical Construct
Category
Code
Cohering 
Decision Making
 Mutual Decision Making
 Complimentary Decision Making
 
Figure 6- 2 : Codes and Categories of Theoretical Construct: Synchronizing Decision Making 
The findings reveal that managing the dependencies arising during 
decision making requires correlating decisions made by personnel from 
different work units. This is found to take place through explicit and 
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implicit orientation. The following example demonstrates how the 
controllers in the Control Tower and Approach Control correlate their 
decisions through explicit orientation. 
I What does the coordinator do from those places? 
GC The coordinators are those… when you are down at the Radar 
Centres…you have the tactical controls…you are working on the 
Radar itself…bending the traffic around…the coordinator stands 
behind them and they will be talking to other units, accepting 
aircrafts into their sectors at certain level, planning how traffics 
go into sectors, go out of sectors…so will phone up the 
coordinator to say ‘we have got Easyjet 3309 sitting around 
here…got to release him’…he will see the traffic levels to see if 
anything is in the way and then gives us permission to launch it 
basically…that’s what coordinator does… if we say got to release 
Easyjet 3309…if it can go he says released if it cant go says no 
will call you back. 
In the above scenario, the controllers in the Control Tower and Approach 
Control share operational responsibility for coordinating the arrival and 
departure of aircraft at the airport. Decision making involved in giving the 
pilot of an aircraft waiting to depart permission to ‘release’ necessitates 
that the Tower Controller (TC) obtain clearance from the Approach 
Controller due to the dependencies between their work activities. When 
this happens, the latter in turn needs to make a decision to allow or not to 
allow the release of departing aircraft based on the incoming air traffic. 
Thereby, decisions made by controllers in both work units are correlated 
through explicit orientation. Here, the TC, Approach Controller and 
departing aircraft pilot align their work activities by synchronizing 
decisions. This leads to managing interdependencies in decision making 
which illustrates the relationship drawn between aligning work activities 
and managing interdependencies depicted in Figure 4-1.  
Alternatively, this takes place through implicit orientation by embedding 
decisions in actions and information transferred. The following transcript 
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obtained from an interview conducted with the Ground Controller (GC) in 
the Operations Centre illustrates this. 
GC That’s an engineer asking permission to turn an aircraft, turn the 
engine on its stand. They can do it only after they get the 
permission from us. So I now put that information there. 
(Standard form) - Stand 1. In the remarks column put the engine 
run, idle power. Title is aircraft. When they (aircraft pilot) call 
ground for permission, then the controller looks for the strip and 
that’s it. All the information is there ready. 
The above transcript depicts the task of performing maintenance work on 
aircraft from the perspective of controllers in the Operations Centre. In the 
example presented above, the engineer performing the maintenance 
operation has to first request permission from the GC in the Operations 
Centre. When the GC makes the decision to permit the operation to take 
place, he fills in a form in the Electronic Flight Progress Strip (EFPS) and 
enters information such as the aircraft parking stand number where the 
maintenance work is to be carried out, aircraft call sign, and type of 
maintenance work. Then he sends it to the GC in the Control Tower 
through the EFPS. By doing this the GC in the Operations Centre has 
embedded his decision (to allow the engineer to conduct the maintenance 
operation) in the information transferred to the GC in the Control Tower. 
The latter then makes his decision based on this information, thereby 
decisions made across work units is implicitly correlated.  
Synchronizing decision making also involves cohering decision making of 
personnel undertaking the task. The findings indicate that this takes place 
explicitly and implicitly through mutual and complimentary decision 
making respectively. An example of mutual decision making can be 
observed in the interaction taking place between controllers in the Control 
Tower and Approach Control in the process of arranging gaps between 
incoming traffic in order to allow departing traffic from the airport. The 
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following field-note taken during observation sessions carried out in the 
Control Tower illustrates this. 
TC 
 
(Was on the phone with someone)  .em.. hang on a second… she 
comes over to X (GC) and asks minimum spacing for two six is it 
four? 
GC Four miles 
TC She goes back to the phone and says … we will take four…four 
minimum. 
GC Let’s just pack it (aircraft) together. 
In the above transcript, the decision to slow the movement of air traffic 
coming into the airport by increasing the distance between aircraft to four 
miles is jointly undertaken by controllers in the Control Tower and 
Approach Control thereby cohering decision making of personnel across 
work units. 
Alternatively, decision making of multiple personnel is unified implicitly 
through complimentary decision making. This occurs when decisions are 
made in causal or reciprocal relation to other’s decisions. For instance, in 
the example of decision making involved in performing maintenance work 
on an aircraft cited above, the decision made by the engineer to conduct 
the maintenance operation in turn causes decisions to be made by the 
Ground Controllers in the Operations Centre. In the above scenario, 
personnel involved in guiding the aircraft movement in and out of the 
airport synchronize their decision making explicitly and implicitly. 
Dependencies between the controllers in the Approach Control and the 
Control Tower structure the way they synchronize their decision making. 
Consequently, in the process of aligning work activities by synchronizing 
decision making personnel are managing interdependencies. This 
demonstrates the relationships drawn in Figure 4-1. 
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6.3.3. Synchronizing Perception 
The findings of the study reveal that synchronizing perceptions is 
particularly important to establish the common knowledge and 
understanding required for Aligning Work Activities (AWA) across 
different work units. As described in chapter 5, since the work units 
involved in task performance are placed in different physical and 
procedural locations in the cooperative work arrangement; personnel 
possess partial and provincial viewpoints depending on the location of 
their work unit. Their perception is limited by the boundaries of their work 
units and so to align their work activities their perceptions need to be 
synchronized. Furthermore, due to the constantly changing dynamics of 
the situation of task performance, synchronizing perceptions of personnel 
across work units is momentary and short-lived, and needs to be 
constantly updated. The findings show that personnel synchronize their 
perceptions to manage the dependencies arising between their work 
activities by not only integrating viewpoints but also by avoiding 
misunderstanding and avoiding surprises. The codes generated during data 
analysis which form these categories are depicted in Figure 6- 3 . 
 “play by the rules”
 “important to stick to 
standard”
Avoiding 
Misunderstanding
Synchronizing PerceptionTheoretical Construct
Category
Code
Avoiding 
Surprises
 “important to keep everyone 
informed”
 “watching what’s going”
 Gaining “a look ahead”
Integrating 
Viewpoints
 Sharing Operational 
Responsibility
 Sharing Information
 
Figure 6- 3 : Codes and Categories of Theoretical Construct: Synchronizing Perception 
 
In the studied work setting, strict adherence to the procedure is required 
for undertaking tasks. The findings revealed that when personnel “play by 
the rules” and “stick to standard”, it facilitates prediction of each other’s 
requirements and behaviour during task performance. The procedure and 
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standard work practices form a common frame of reference which aids 
avoiding misunderstanding of information exchanged, requirements to be 
fulfilled, and behaviour of personnel across work units during task 
performance. 
Also, for synchronizing perceptions of personnel in the constantly 
changing conditions of task performance, it is “important to keep everyone 
informed” of changes taking place in the work setting, “watching what’s 
going on” during task performance, and “gaining a look-ahead”. The 
following scenario depicts the importance of keeping each other informed 
to synchronize their perceptions during task performance. The transcript is 
obtained from an interview conducted with the Tower Controller (TC).  
TC Just as 76 started rolling on X (TC) realised she hadn’t asked for 
release. X (TC) called to ask for release (and apologised) just as 
a/c got airborne. She remarked that when something like this 
scenario happens, need to be focused so some things are easy to 
drop. This was interesting as the general level of workload/traffic 
wasn’t especially high - but for a few minutes the situation 
required lots of monitoring to check that 76 was moving and that 
gap was large enough. [ X (TC) remarked that in such a situation 
it’s important to keep everyone informed of what’s going on - so 
they know why things are happening and they’re ready to go 
quickly when they need to: “expect late landing clearance”, 
“following traffic....”] 
In this scenario, the departing aircraft is taking off from the Runway. 
Typically, the TC should have asked permission from the Approach 
Control to “release” the departing aircraft before it takes off from the 
Runway. However, the TC forgot to do so, but remembered just as the 
aircraft was taking off. She then informs the Approach Control about her 
mistake and apologizes. By doing so, she has created visibility to her 
actions through which controllers in the both work units have 
synchronized their perception of the state of task performance and entities 
in the work setting. If she had not informed the controller in the Approach 
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Control, he could have misunderstood the state of departing aircraft during 
task performance. Also, this has avoided surprising the controller in the 
Approach Control because if he had not known that the aircraft was 
airborne, he would not have been prepared to accept the aircraft in his 
zone of control.  
Another means of avoiding surprises during task performance is by 
“watching what’s going on” and “gaining a look-ahead” as illustrated in 
the following transcript obtained from an interview with the Ground 
Controller (GC) in the Control Tower.  
GC You also keep your eyes out on the window watching what’s 
going on. I’ve been looking out there. He has got steps down so, 
no he doesn’t want to go. ----- probably he is going to be against 
here. 
In the above transcript, the GC explains how by “watching what’s going 
on” he gains a look-ahead of the occurrences that would take place in the 
work setting during task performance. Here, there is an aircraft due to 
depart from the parking stand. The GC has the corresponding FPS which 
provides the expected time of departure. But he also looks outside the 
window to see the status of the departing aircraft. He sees that the 
passenger stairs is still attached to the aircraft and anticipates that the 
aircraft pilot will not be calling to ‘push-back’ soon and that it would be in 
conflict with another departing aircraft (“probably he is going to be 
against here”) based on the FPS strip arrangement on the strip ‘holding 
bay’.  
Besides avoiding misunderstanding and avoiding surprises, synchronizing 
perceptions of personnel across work units was also found to be achieved 
by integrating their viewpoints. The data shows that this takes place by 
sharing operational responsibility and sharing information. This is 
illustrated in the example of the Ground Controller (GC) in the Control 
Tower and Radar Controller (RC) in the Approach Control sharing 
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operational responsibility for performing the task of aircraft departure. It 
involves sharing information through a technological artefact called 
Departure Status Information (DSI) system (Figure 6- 4 ). The following 
transcript is obtained from an interview conducted with the GC in the 
Control Tower. In this part of the interview he is explaining the function of 
various technological artefacts used by him to undertake work activities.  
GC The next screen is the Departure Status Information. This gives 
message to the Radar centre at West Drayton as to what state 
the traffic are in. When I (Ground Controller) give an aircraft 
pushback or annotate it with an active sign, the Assistant at 
West Drayton will put the strip in front of the Coordinator. When 
it taxis out to the holding point, our Assistant will then put a hold 
and again take-off on the screen (on her Departure Status 
Information screen). So basically what it is, is situation 
awareness with the Radar centre down the road. 
 Hold Delay Active 
 
Figure 6- 4 Status of Departing Aircraft Represented in Departure Status Information System 
The DSI system facilitates placing information in common across the two 
work units. In this scenario, when the GC in the Control Tower has given 
the departing aircraft pilot permission to push-back from the stand, he 
annotates corresponding aircraft information in the DSI system to 
“active”, which changes the strip colour (from blue to red) on the screen 
(Figure 6- 4 ). This is reflected in the DSI system of the Assistant in the 
Control Tower and Approach Control. The Assistant in the Approach 
Control will then print the paper FPS and hand it over to the 
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corresponding controller there. When the aircraft moves from the parking 
stand onto the Taxiway and reaches one of the ‘holding points’ near the 
Runway, the Assistant in the Control Tower will change the status of the 
strip in the DSI system to “hold”. This changes the colour of the strip 
again in the DSI system which gets reflected in the corresponding systems 
of the GC in the Control Tower and Assistant in the Approach Control. In 
the case the aircraft is unable to depart at the allocated slot time after 
‘push-back’ clearance, the status of the strip in the system is changed to 
“delay” in which case the Assistant in the Approach Control will remove 
the strip from the coordinator’s strip holding bay.  
As demonstrated above, the aircraft information in the DSI system is 
constantly updated to reflect the changing conditions in the airport. The 
Approach Control is spatially separated from the airport and the 
controllers located there cannot view the aircraft movement at the airport. 
This system helps overcome the drawback by making visible the state of 
departing aircraft across work units. By sharing information through the 
DSI system the controllers in both work units can integrate their 
viewpoints and synchronize their perception. They align their work 
activities through this process which leads to managing interdependencies 
between the GC and RC in making the decisions involved in aircraft 
departure. This illustrates the relationships depicted in the model 
presented in Figure 4-1.  
The above discussion has presented the three modes of synchronization 
involved in Aligning Work Activities (AWA) across work units, and how 
the work activities of personnel belonging to different work units are 
brought into accord and integrate during task performance by 
synchronizing their actions, decision making, and perception.  Associated 
scenarios from the field data presented here illustrate the relationships 
between dependencies, aligning work activities and managing 
interdependencies drawn in the conceptual framework depicted in Figure 
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4-1. In addition, findings of this study revealed that aligning work 
activities is contingent on the ability of personnel to keep each other “in 
the loop” during task performance. This relationship is also depicted in 
Figure 4-1. The following section explains and presents a discussion of 
this aspect of the conceptual framework. 
6.4. KEEPING PEOPLE IN THE LOOP AS CONTINGENCY 
FACTOR 
Keeping people in the loop (KPIL) is an important aspect of task 
performance as without being “in the loop” personnel will not be able to 
work in concurrence with each other and perform the required 
synchronization for AWA. KPIL is particularly vital to determine the 
requirements to cater to, make informed decisions, and perform the 
necessary synchronization across heterogeneous work units under 
constantly changing dynamics of situation of task performance. In th is 
study, KPIL (Figure 6- 5) denotes sharing information with personnel 
involved in task performance and involving them in taking required 
actions and decisions. This takes place through various communication 
acts which can be implemented as anticipatory and reactionary 
interactions. Another aspect of KPIL is establishing the common 
understanding required for AWA across the heterogeneous work units. This 
is influenced by the form, medium, and timing of information exchanged 
between the involved personnel during task performance.  
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Keeping People in the Loop
Modes of Interaction
Fitness of Information
Anticipatory 
Interactions
Reactionary 
Interactions
Form of 
Information 
Transfer
Means of 
Information 
Transfer
Timing of 
Information 
Transfer
Theoretical Construct
Catergory
Sub-Category
Code confirming, concurring, discussing, 
guiding, justifying, monitoring, 
negotiating, notifying, requesting, 
updating, verifying
Standard Non-
Standard
Verbal Non-
Verbal
Periodical Ad-Hoc
 
Figure 6- 5 : Codes and Categories of Theoretical Construct: Keeping People in the Loop 
6.4.1. Modes of Interaction 
The findings of this study reveal that personnel interact during task 
performance through a number of communication acts which include 
confirming, concurring, consulting, discussing, guiding, justifying, 
monitoring, negotiating, notifying, requesting, updating, and verifying. 
These communication acts take place both verbally and non-verbally, and 
were found to be performed in two modes: anticipatory interactions and 
reactionary interactions. Anticipatory interactions occur in preparation for 
taking actions and making decisions, whereas reactionary interactions 
take place in response to stimuli occurring during task performance. These 
two modes of interactions help establish the knowledge and understanding 
required by personnel to perform the synchronization required for AWA. 
This is illustrated below by describing how the communicative act of 
confirming is employed as both anticipatory interaction and reactionary 
interaction during task performance.  
As anticipatory interactions, the communication acts serve to provide “a 
look-ahead” of occurrences in the work environment and state of entities 
in the work setting. This helps personnel to determine requirements and 
organize their work activities during task performance. An example of how 
the communication act of confirming is employed as anticipatory 
interaction is depicted in the following transcript obtained from an 
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interview conducted with the Ground Controller (GC) in the Control 
Tower.  
The above transcript depicts the scenario in which the GC has to direct the 
pilot of the departing aircraft by providing relevant information. In this 
case, there are three Taxiways (highlighted in red in Figure 6- 6 : ) through 
which the pilot can reach the Runway.   
 
Figure 6- 6 : Aerodrome Layout  
The Taxiway to be used depends on the direction on the Runway being 
currently used to depart and land aircraft on the runway. The information 
is made available to the pilot of the departing aircraft before departure 
through the flight information management system as depicted in the 
transcript given below from an interview conducted with the GC in the 
Control Tower. 
 
I Do you have to give them (departing aircraft pilot) any 
information after they come to the holding point? 
GC You might notice on the way in especially on the 08, one might 
give them the taxi route because they could go in either direction 
and I choose which way I want to send them. So -------- must be 
the holding point. In this case Alpha 1. I’ll tell them the runway in 
use 26, just to confirm that and QNH to make sure that -----. 
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GC it will be programmed into their flight management computer 
that will come up on their screen. They will have a primary flight 
display which will show them what the aircraft is doing. -------- 
they will have that route printed on their computer --- 
So, when the pilot contacts the GC to obtain clearance to start moving 
from the parking stand to the Runway, he or she confirms this information 
as depicted in the transcript given below from an interview conducted with 
the GC in the Control Tower. 
GC When they (pilot of departing aircraft) call up for taxi, I will write 
in the holding points, the runway they are going to and their 
QNH. These are important information that they should have got.  
Although, the pilot has this information before commencing the departure, 
the GC confirms it at the time of performing the task. The GC by 
confirming with the pilot the Taxiway to use, the ‘holding point’ to go to 
enter the Runway, and the direction of take-off from the Runway, has 
provided a “look-ahead” of ensuing occurrences in the course of 
performing the task. By doing this, he has not only confirmed that both 
pilot and GC have the same information, but also common understanding 
of the situation that would unfold, thereby synchronizing their perception 
of forthcoming occurrence while undertaking the task of aircraft departure. 
Based on this knowledge and understanding both parties synchronize their 
actions and decisions, and align their work activities in the course of task 
performance. This illustrates the contingency relationship drawn between 
aligning work activities and keeping people in the loop in the conceptual 
framework presented in Figure 4-1. 
On the other hand, reactionary interactions depict communication acts 
taking place in response to stimuli occurring during task performance such 
as requests and information received from other personnel as well as 
actions performed and decisions made by others. Reactionary interactions 
help determine actions to be taken and decisions to be made in relation to 
other’s work activities during task performance. For example, in the 
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following transcript, the communication act of confirming takes place as a 
reactionary interaction. 
I          What was the call about? What was he (Pilot of Aircraft in the 
stand) telling you? 
GC Fox76 is the Engine Run... they want to do on their stand…. 
underneath the Thompson sign... he wants to push out initially 
just onto the stand… so all I was confirming if he was going to be 
sticking out his bump out onto the taxiway.  
The above transcript depicts the scenario of performing aircraft 
maintenance operation (Engine Run) in the airport. In order to do this the 
pilot of the aircraft has to obtain permission from the Ground Controller 
(GC) in the Control Tower. Since, the pilot wanted to perform this 
operation in the stand and “push out” the aircraft from the stand; this 
could have obstructed movement on the Taxiway. Hence, the GC confirms 
with the pilot that this is would not be the case. This communication act 
has been labelled as confirming and not verifying because the pilot also 
knows that he cannot obstruct the Taxiway while performing the operation. 
The GC by confirming the knowledge and understanding of the pilot has 
established the common understanding required for aligning work 
activities across the work units, thus demonstrating the contingency 
relationship drawn between aligning work activities and keeping people in 
the loop in Figure 4-1. 
6.4.2. Fitness of Information 
The findings of this study reveal that the form, medium, and timing of 
information exchanged between personnel across different work units 
affects their ability to keep each other “in the loop” during task 
performance.  
Form of Information Transfer (Standard and Non-Standard) 
Personnel employ both standard and non-standard forms of information 
transfer during task performance. The former refers to the use of 
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standardized mechanisms set by the organization for communicating with 
others. An example of this is the use of standard phraseology for 
transferring information across different work units. The following 
transcript is obtained from an interview conducted with the Ground 
Controller (GC) in the Tower Controller illustrates this.  
GC Um, yeah so lets just say you want to exchange information. 
There is everyone kind of passing information. You have to pass 
on the information to the fire service. When you do that you do it 
in a standard message. You have 7 or 8 different emergency 
categories. So you don’t just press the alarm and say there is one 
coming in and he has got an engine fire. So you have to 
categorise it in one of the categories. So for an engine fire I 
would probably say full emergency. And then go on to say full 
emergency and if it is a big aeroplane, you have to put it in A, B, 
or C. so they know how big it is. So it will be full emergency, 
category alpha, engine fire, 3 minutes, runway  two six.  So these 
standard kind of message for everything. So it can be easily 
communicated. 
In the above example, the GC explains the standard mechanism used for 
transferring information to the fire service in case there is a problem with 
an aircraft such as ‘engine fire’. The form in which the information is 
disseminated follows a standard as described in the above transcript, 
which helps establish the understanding required for AWA. One of the 
consequences of straying away from standards during information transfer 
across work units is personnel misconstruing the interpretation of 
information as described in the following transcript by the Tower 
Controller in the Control Tower. 
TC I think one thing you cant do, eh…, you can never really joke, it is 
quite hard to joke. You have to be really careful. Because all I got 
is the voice control …..things like standard flight instructions, we 
have standard flight… and that’s because there is a possibility of 
being misunderstood, whenever you have to stray way from 
whats standard, if you have to explain something non-standard, 
like to, most bizarre situation, I mean anything can happen. Like 
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the dog running loose on the taxiway. So you aren’t going to say 
to a flying pilot there is a dog loose on the taxiway. We stick to 
our standard ….hold position. You don’t want to go into all the 
details. I mean it is nice if you can try and explain things as much 
as you can. All you need is only get the basics across to get them 
to do what you want them to do. 
Hence, standardization of information representation and dissemination 
facilitates ease of communication and similar interpretation of information 
by personnel across different work units. Besides, adherence to standard 
form of information representation allows personnel to identify issues and 
problems during task performance as standardization allows them to set 
expectations. When there is a deviation from the standard it draws 
attention as well as points out issues and problems.  
The communication between personnel from different work units also 
takes a non-standard form such as that taking place between the GC in the 
Control Tower and Controllers in the Operations Centre depicted in the 
following transcript of an interview conducted with the GC in the Control 
Tower. 
I Yeah. Have you had any such incidents with the operations 
centre down there in the airport? 
GC …….That’s quite a different dilemma because you sort of…  (Gives 
instructions)…  It is kind of hard to generate incidents from the 
kind of communications that we have with them.  
I Because it takes time to discuss and confirm things with them? 
GC Not because of that. Because, um, the things that we are 
discussing, if they were mis-communicated, the chances of 
miscommunications on that would the same as if you were 
ringing up the plumber from your house. And you said I need the 
boiler fixing. That’s the kind of thing. it is telephone to telephone 
which is more sort of human communication and we don’t use 
this sort of set phrases and standard phraseology so much. The 
moments you could, I mean the possibility is always there of 
misunderstanding but rarely rarely happens.  
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Here, although the communication between the GCs in the Control  Tower 
and Operations Centre does not take the standard form, the opportunity for 
misunderstanding information exchanged is limited. Keeping people in the 
loop through verbal communication over the telephone allows for 
clarifying information exchanged and establishing required understanding 
for aligning work activities. However, when it is mediated through 
technology, communication is structured by organizational norms and 
personnel are required to adhere to the set standards of operation.  
Means of Information Transfer (Verbal and Nonverbal) 
As described above, communication between personnel across work units 
takes place through verbal and non-verbal means, and occurs both 
explicitly and implicitly. In terms of verbal communication, it takes place 
explicitly through information exchange over the telephone, and implicitly 
by keeping a “listening watch” which implies overhearing other’s verbal 
communication. 
There are different medium through which personnel exchange 
information non-verbally across the different work units, one of which is 
visual observation of each other’s activity. This is observed primarily in 
the activities of personnel functioning in the Control Tower, pilots, and 
ground staff as their physical location in the work settings facilitates this. 
For example, the controllers in the Control Tower can visually observe the 
movement of aircraft arriving and departing from the airport. Similarly, 
they can observe the actions of ground vehicles and ground staff in the 
Apron area of the airport. Visual observation also takes place through the 
aid of technological artefacts when the physical location and setup of the 
work unit does not permit direct visual observation. These artefacts 
provide a dynamic representation of the occurrences in the work 
environment such as the Radar in the LTCC and CCTV cameras in the 
Operations Centre.  
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Another medium of non-verbal information exchange is through 
information representation and dissemination artefacts. These artefacts 
present both pre-planned and dynamic information. Each work unit is 
equipped with such artefacts which helps personnel to share information 
across different work units. They are labelled as common information 
artefacts in this study. Examples of such artefacts in the studied setting are 
presented in Figure 6- 7. Besides providing means of information exchange 
across work units, the common information artefacts were identified to 
present certain characteristics for KPIL (Figure 6- 7, Figure 6- 8 : ). 
 
 
Figure 6- 7 : Common Information Artefacts between Work Units 2021 
Changes made to the information represented in these artefacts indicate 
various aspects of task performance such as status of work activities of 
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 AFDIS – Aircraft Flight Display Information System 
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 Electronic Flight Progress System image obtained from : 
 http://www.airport-int.com/upload/image_files/suppliers/gallery/2737/thumb_air-traffic-
management-systems/electronic-flight-strips.jpg 
• Approach Control 
• Control Tower 
• Operations Centre 
Radar 
• Control Tower 
• Operations Centre 
AFDIS 
• Control Tower 
• Operations Centre 
• Approach Control 
Departure  
Status 
Information  
System 
• Control Tower 
• Operations Centre 
Flight  
Schedule 
Window 
• Control Tower 
• Accounts 
Department 
Flight   
Progress                                
Strip 
• Control Tower 
• Operations Centre 
Electronic 
Flight   
Progress          
Strip 
 167 
personnel, action completion, and task handover. This was found to allow 
the artefacts to function as tools that serve as a record keeping system, 
reminder setting system, notification system, information updater, and 
“good communication system”. Such functions facilitate personnel to keep 
track of changes occurring during task performance, gain general 
overview, assess other’s task performance status, assess situation in which 
task performance takes place, and determine any issues or problems 
arising during task performance. Thereby, the common information 
artefacts facilitate sense making, aid memory, and direct attention. 
Furthermore, making changes to information represented in the common 
information artefacts has various implications for AWA across work units 
such as triggering, sequencing, handing over tasks, and representing 
closure of actions (Figure 6- 8).   
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Figure 6- 8 : Characteristics of Common Information Artefact Identified during Data Analysis 
Common information artefacts not only help personnel to determine their 
individual actions, but also structures communication and coordination 
between those across the different work units. This is depicted in the use 
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of the Departure Status Information System (DSI) and illustrated in the 
following transcript of an interview conducted with the Ground Controller 
(GC) in the Control Tower.  
GC The ‘Departure Status Information’ screen is used to give 
messages to the Radar Centre (Approach Control) as to what 
state the traffic is in the airport. When I (ground controller) give 
an aircraft pushback or annotate it with an active sign, the 
Assistant at the Radar Centre will put the strip in front of the 
Coordinator there. When it taxis out to the holding point, our 
Assistant will then put a hold and again take-off on her Departure 
Status Information screen. So basically what it is situation 
awareness with the Radar centre down the road? Delay, if he 
decided he couldn’t go now…if he has got a technical problem or 
if the passengers haven’t turned up, the strips sitting out there 
now at the Radar Centre (now I’ve done that), they don’t want 
loads of strips cluttering their bays if they are not going, so if it 
wasn’t anything going I will press the delay button… the assistant 
would probably go and pick the strip off the display, put it back in 
the pending bay, to remove the strips off the board because there 
are a hell of lot of strips down in the Radar because they have a 
lot of traffic to deal with… 
The DSI system is used “in common” by air traffic controllers functioning 
in the Control Tower and Approach Control (Figure 6- 9 ). Each controller 
is equipped with a DSI system and uses it to communicate with others by 
making changes to information represented in the system. In the above 
scenario, the GC in the Control Tower informs the Assistant in the 
Approach Control about the status of a departing aircraft by making 
changes to the information represented in the DSI system. The changes 
made reflect the instruction given to the aircraft pilot by the GC at 
different stages of aircraft departure from the airport. The information in 
the DSI system is constantly updated to reflect the departing aircraft 
movement in the airport. The Approach Control is spatially separated from 
the airport and the controllers functioning from there cannot view the 
aircraft movement in the airport. This system helps overcome the 
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drawback by creating awareness of the state of the departing aircraft 
across work units. Based on the information provided by the system, the 
Assistant in the Approach Control then works in concurrence by 
performing actions in response to the changes made to the common 
information artefact. Hence, these artefacts act as a mediatory device 
which is employed for KPIL and mediating the synchronization involved 
in aligning work activities across the different distributed work units. 
 
 
 
 
 
 
 
Figure 6- 9 : KPIL across Work Communities through Common Information Artefact - Departure Status 
Information System 
Timing of Information Transfer (Periodical and Ad-Hoc) 
The timing of information transfer across work units is an important factor 
affecting KPIL and consequently AWA. The way personnel interpret 
information transferred across work units and discern its relevance to their 
usage is influenced by the timing of information exchanged across work 
units.  
For example, in the case of receiving notifications from other work units, 
as illustrated below in the scenario of the Tower Controller (TC) in the 
Control Tower receiving a warning from the Coordinator in the Approach 
Control about a light aircraft “straying” into the control zone.  
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TC X got a call from a coordinator about a “wildie” light a/c that 
appeared to be lost and had strayed into the control zone. Not in 
radio contact and squawking 7000. Required careful monitoring, 
but in the end posed no threat. 
The timing of information transferred across the work units makes a 
difference in the way the TC interprets the information shared and its 
relevance to her activities. If the Coordinator had provided the information 
after the light aircraft had moved out of the control zone it would not have 
affected the activities of the TC and hence, would not have been held in 
importance. Although, in this case the aircraft did not pose any threat to 
the traffic movement in and out of the airport, the consequence of not 
having provided the information at the right time could have been dire 
since the aircraft was not in “radio contact”. Hence, the timing of 
information exchange plays an important role in KPIL across the work 
units. 
Determining the “right time” for information transfer is based on various 
factors such as the context of work and the procedure to be followed to 
perform tasks. It emerged from the data that there are two ways in which 
timing of information transfer can be managed. One is by undertaking 
periodical information transfer which occurs at fixed intervals as 
illustrated by the following field-note taken while observing the work 
activities of the Assistant in the Control Tower. 
Another role of the assistant is to make weather observations 
and pass on the information to the controllers and to the 
pilots. The assistant has to make weather observations every 
half an hour and make entries into a system called the 
Copperchase Weather Editor which contains information 
about the climatic condition in and around the airport 
Another way in which periodical information transfer is undertaken is in 
an ad-hoc manner as and when the requirement arises. This is presented in 
the above example of an aircraft “straying” into the control zone.  
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Based on the findings of this study, the inference is that communication is 
key for synchronizing actions, decision making, and perception of 
personnel participating in decision making and is achieved by KPIL during 
task performance. It takes place through various communication acts 
which are implemented as anticipatory interactions and reactionary 
interactions through which personnel not only share information but also 
involve others in decision making. Furthermore, KPIL helps them to 
determine the requirements to be fulfilled, and establish the common 
knowledge and understanding required for performing required 
synchronization. The intervening condition for KPIL is emerges to be 
fitness of information. The form, means, and timing of information transfer 
taking place during anticipatory and reactionary interactions determines 
the ability of personnel to synchronize their actions, decision making and 
perceptions. 
6.5. CONSEQUENCE: MODE OF COLLABORATIVE DECISION 
MAKING  
The findings of this study reveal there are variations in the way CDM is 
undertaken based on the dependencies arising during decision making and 
the way they are managed. These variations are depicted during data 
analysis in the theoretical construct - mode of CDM. This comprises four 
modes including sequential, mutually consented, manipulative, and 
emergent decision making (Figure 6- 10). 
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Figure 6- 10 : Modes of Undertaking Collaborative Decision Making 
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The emergence of these modes of undertaking CDM from the data is 
described below. In the figures presented, P represents personnel and D 
represents decision. 
6.5.1. Sequential Decision Making 
This mode of CDM involves personnel making decisions in response to 
stimuli provided by others during task performance. The stimuli were 
identified from the data to be information provided, actions performed and 
decisions made. In this mode, decision making is collaborative not in the 
traditional sense where personnel jointly make decisions. Instead, 
decisions are made individually but decision making becomes a 
collaborative act through the actions and interactions arising in 
consequence to the decision made. A decision made by one person 
necessitates another decision to be made in response by others undertaking 
the task (Figure 6- 11). 
 
 
 
The data shows that during task performance the stimuli for sequential 
decision making are provided by two main communication acts: notifying 
and requesting (Figure 6- 12). Notifying occurs to inform others about 
one’s status in task performance (such as decision made, action completed, 
action intended to be performed, and action required to be performed by 
others). It also occurs to provide information required by other personnel 
involved in task performance. In the studied work setting, notifying takes 
place verbally over the telephone and non-verbally through various 
information representation and dissemination artefacts. 
 
 
Figure 6- 11 : Diagrammatic Representation of Sequential Decision Making Activity 
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Another stimulus for sequential decision making is requesting other 
personnel to provide assistance during task performance. Explicit verbal 
requests are made for necessary actions to be performed by others. 
Consequentially, they in turn have to make decisions in order to provide 
the required assistance. 
The distribution of work activities across different work units and the 
ensuing stratification in the work process bestows personnel with certain 
authority in task performance. Nevertheless, their work activities are 
interconnected. Hence, they need to request permission from each other to 
perform certain actions during task performance. The two forms of stimuli 
- notifying and requesting - lead to personnel acting in response by making 
decisions reciprocal to that made by others during task performance. 
Figure 6- 13 presents the codes and sub-categories related to sequential 
decision making generated during data analysis. 
Figure 6- 12 : Related Categories of Theoretical Construct: Sequential Decision Making 
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 174 
 Verbal Notification_Task 
Performance Status
 Verbal Notification_Action 
Performed
 Verbal Notification_Intended 
Actions
 Verbal Notification_Expected 
Events
 Verbal Notification_Required 
Actions
 Verbal Notification_Decision 
Made
 Non-Verbal 
Notification_Action_Making 
Changes to Common Information 
Artefact
 Non-Verbal Notification_Decision 
Made_Making Changes to 
Common Information Artefact
Notifying
Sequential Decision MakingCategory
Sub-Category
Code
Requesting
 Verbal Request for 
Assistance
 Verbal Request for 
Permission
 Verbal Request for Action to 
be Performed
 Verbal Request for Required 
Information
Acting in Response
 Decision Making in 
Response to Other’s 
Action
 Decision Making in 
Response to Other’s 
Decision
 Decision Making in 
Response to 
Information 
Provided
 Decision Making in 
Response to 
Requests
 
Figure 6- 13 : Codes and Categories of Theoretical Construct: Sequential Decision Making 
Although this form of decision making involves making various decisions 
at separate points in time by different individuals, the decisions are 
accumulated and brought together through the actions and interactions 
taking place between personnel in the course of task performance. The 
following scenario obtained from one of the observation sessions 
conducted during the field studies in the Control Tower illustrates the 
sequential mode of CDM. 
While making the routine weather observation, the Assistant 
notices that the temperature indicator was not giving proper 
reading. So she called the workshop and notified them. They 
sent their engineers to check the temperature sensor near the 
runway. The engineer calls the tower controller to give him the 
reading from the sensor. (Typically the engineer should call the 
Assistant but he could not get through to the Assistant’s 
telephone. So calls the tower controller on his frequency). The 
tower controller passes it onto to assistant and asks her to 
make a comparison between the readings from the sensor and 
that displayed by the digital temperature indicator. The TC 
then passes on this information back to the engineer. 
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In the above scenario, when a problem (system failure) arises during task 
performance (weather observation), a decision (D1) to notify the workshop 
personnel is made by the Assistant (P1) in an attempt to solve the problem. 
So, P1 notifies the workshop engineers about the problem. This causes 
involvement of the engineer (P2) from the workshop. In consequence, a 
decision (D2) has to be made by the Engineer (P2) to solve the problem. 
This requires him to interact with the Assistant in the Control Tower. 
However, he is not able to get through to the Assistant on her telephone 
line. So he decides to call the Tower Controller (TC) on his telephone 
frequency. The decision made by P2 causes involvement of the TC (P3) 
who mediates the interaction between P1 and P2. 
In this example, a decision made by P1 causes involvement of P2 whose 
decision in turn causes involvement of P3 in undertaking the task. Joint 
involvement takes place as a consequence of the decision made by each 
personnel. CDM in this case does not involve personnel coming together 
to arrive at a decision in consultation with each other. Instead, decisions 
are made individually without consultation with others involved in the task 
performance but gains implicit acceptance by others, who by performing 
the necessary consequential actions indicate they acknowledge and 
conform to the decision. Moreover, the decision made is not explicitly 
communicated to other personnel. Instead, it is embedded in the 
information transferred when notifying and requesting.  
P1, P2 and P3 are dependent on each other to rectify the problem with the 
temperature indicator. This involves P1, P2, and P3 aligning work 
activities by synchronizing their actions, decision making and perception 
to manage arising dependencies. Managing interdependencies structures 
action and interaction between P1, P2 and P3 which leads to decision 
making becoming a collaborative act of a sequential form. The above 
scenario illustrates how the sequential mode of CDM emerges in 
consequence to managing interdependencies between personnels work 
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activities and demonstrates the relationships presented in the conceptual 
framework of CDM depicted in Figure 4-1.  
6.5.2. Mutually Consented Decision Making 
In mutually consented form of CDM, personnel from different work units 
jointly make decisions during task performance (Figure 6- 14). This takes 
place overtly or tacitly. Overtly, mutually consented decision making takes 
place through verbal interaction during which one individual takes the 
initiative by either proposing his or her intended decision to others or 
places request for necessary decisions to be made to undertake the task. 
This entails discussion between involved personnel and the proposed 
decision is either accepted, rejected, changed, or a new decision is made. 
Alternatively, this takes place tacitly by personnel acknowledging 
decisions made by others and displaying their agreement by performing 
the necessary consequential actions. 
 
 
 
 
 
It emerged from the data that mutual consent of decision is established by 
getting approval from others for decision made or action to be taken, 
confirming decision made or intended action with others, and “working 
things between” each other in order to arrive at a decision (Figure 6- 15).  
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Figure 6- 14 : Representation of Mutually Consented Decision Making Activity 
Figure 6- 15 : Related Categories of Mutually Consented Decision Making Activity 
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The codes and sub-categories generated during analysis in relation to 
mutually consented decision making are presented in Figure 6- 16 : . 
 Requesting Permission
 Giving Permission
Getting  Approval
Mutually Consented Decision MakingCategory
Sub-Category
Code
Confirming
 Confirming Action to be 
taken by Oneself with 
Others
 Confirming Action to be 
Performed by Others
 Confirming Action 
Requested has been 
Performed
 Confirming Instructions with 
Others
“work things between 
each other”
 Discussing
 Negotiating
 Concurring
 
Figure 6- 16 : Codes and Categories of Theoretical Construct: Mutually Consented Decision Making 
Establishing mutual consent by getting approval and confirming is a 
straightforward process of verbally verifying decision or action to be taken 
with other personnel. This is primarily undertaken because of the protocol 
arising from the stratification in the work process and takes place through 
standardized communication. The stratification is embedded in the work 
procedure to be followed during task performance. This includes 
requesting permission from other personnel to implement decisions made, 
who then demonstrate their consent by giving permission. This process of 
establishing mutual consent transpires from individuals exercising 
authority during task performance. A scenario obtained from the data 
illustrating this process of establishing mutual consent is presented below. 
The transcript is obtained from an interview conducted with the Ground 
Controller (GC) in the Control Tower. 
 
 
 178 
GC If they want any maintenance work to be done they need the 
permission of the Apron Control first. The airline operator or the 
maintenance operator will call the Apron Control. Say for 
example if that aircraft want to do a ‘compass swing’ and they 
say ‘yeah’. There is no booking time for the compass swing and 
they say ‘yeah, you can do it at that time. Giving you permission’.  
According to the standard procedure, when the decision is made to 
perform maintenance work on an aircraft, the associated airlines ‘handling 
agent’ has to first obtain permission from the GC in the Control Tower. 
They need to provide information about what kind of maintenance work 
needs to be done (such as ‘compass swing’) and when they would like to 
do it. The GC then decides if it is permissible depending on the location in 
the airport where the maintenance work will be performed and the traffic 
moving on the Taxiways. The GC grants permission once he determines 
that it is permissible to do. This process establishes mutual consent on the 
decision to conduct maintenance work on the aircraft.  
Another means of obtaining mutual consent is by personnel confirming 
decision taken or action to be performed with others involved in task 
performance. The following scenario presents an illustration of personnel 
indirectly confirming decision made by others when performing the task of 
guiding the landing of an aircraft approaching the airport. The transcript is 
obtained from an interview conducted with the Tower Controller (TC) in 
the Control Tower. 
TC When we haven’t got the Instrument Landing Systems 
operating, we have to have the ILS beam operating, poor 
weather when they don’t have normal visual range. We 
normally get a call on the telephone at about 4 miles, and you 
tell them that the runway is clear to land and if its not you give 
a missed approach for it, if it is getting close Radar might call 
up on the priority line. But that’s just a case of getting the 
Radar of calling us and finding out if the runway is clear or not. 
The Radar control is going to have faith in the Tower Controller 
to make sure the runway is clear. He can see what is coming 
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down in the Approach. That’s why coordination is difficult, 
because you are dealing with an aircraft that is landing on my 
runway and he is sitting in a Radar centre that is 20 miles 
away. So that’s why you have to play by the rules.  
According to the standard procedure the TC in the Control Tower decides 
whether to give clearance to the approaching aircraft pilot to land on the 
runway or give a “missed approach” if it is not permissible. However, the 
above situation is an exception as there is insufficient time for the Radar 
Controller (RC) in the Approach Control to transfer control of aircraft to 
the TC in the Control Tower. Therefore, the RC decides to guide the 
aircraft landing. He calls the TC on the priority telephone line to confirm 
if the Runway is clear or not. Since the RC is located away from the 
airport and does not have a direct visual observation, he needs the TC to 
confirm if it is safe to land the aircraft on the Runway. When the TC 
confirms that it is clear he has given his consent to the decision made by 
the RC. 
A more elaborate process for establishing mutual consent is depicted by 
the category “work things between each other” which includes concurring, 
discussing and negotiating decisions or actions to be taken. This is 
particularly a complex process when there are problems to be addressed 
during task performance or when optimizing it. An example of personnel 
working things between each other to optimize task performance is 
presented in the following scenario. The transcript is obtained from the 
field-notes taken during the observation sessions conducted in the Control 
Tower.  
There is a light aircraft waiting to take off at holding 
point C1 (see Figure 6- 17) and a police helicopter at holding 
point B1. Also, there is an approaching aircraft on runway 08. 
The TC (exclaiming “This is going to be a good one!”) wants to 
send these two VFR flights and land the approaching aircraft 
at the same time. He can allow the two flights to take-off at 
the same time because they take different departure routes 
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once they take-off. He calls the Approach Control and asks 
them to slow the approaching aircraft so that he can get 
these two aircraft to take-off and manages to do all three 
within a minute. Approach Control agrees. 
 
 
 Holding Point B1 
 Holding Point C1 
 
Figure 6- 17 : Diagrammatic Represented of Airport Taxiway and Runway 
Here, P1 (TC) requires P2 (Approach Controller) to make a decision in 
order to optimize P1’s performance in undertaking the task. P1 makes a 
decision to optimize the task performance by simultaneously allowing 
landing of an approaching aircraft and take-off of a helicopter and an 
aircraft on the Runway. Since P1 needs to arrange the time gap to schedule 
the three operations he needs P2’s assistance. So, P1 explains his 
intentions and requests certain action (slow approaching air traffic) to be 
performed by P2. Consequentially P2 has to make decisions about whether 
to perform the requested action or not. P2 by deciding to do as requested 
consents to P1’s decision. The outcome is an implicit mutual consent of 
decision made by P1.  
The above scenarios demonstrate the mutually consented mode of decision 
making. In each of the scenarios, personnel are dependent on each other  to 
perform the task and managing interdependencies consequentially leads to 
the mutually consented mode of CDM. For instance, in the scenario of TC 
optimizing the take-off and landing of three aircraft simultaneously, he is 
dependent on the Approach Controller to undertake the operation. They 
both align their work activities by synchronizing their actions, decision 
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making and perception. The actions and interactions taking place between 
them in aligning work activities are structured by the dependencies arising 
between their work activities. Managing interdependencies between the 
TC and Approach Controller leads to decision making becoming a 
collaborative act through mutual consent. The above scenarios illustrate 
how CDM emerges in consequence to managing interdependencies 
between personnels work activities by aligning their work activities and 
demonstrates the relationships presented in Figure 4-1.    
6.5.3. Manipulative Decision Making 
In the studied work setting, decision making is highly procedural and 
stratified. However, personnel device ways to work around the procedure 
and stratification to elicit decisions from others that would cater to their 
individual needs. Personnel tend to manipulate decisions made by others 
during task performance to fulfil their needs by influencing the context on 
which the decision making rests. In Figure 6- 18, P1 influences the 
decision made by P2 by modifying the context on which decision made by 
P2 emanates. 
 
 
The following scenario illustrates the manipulative form of CDM. The 
transcript is obtained from the field-notes taken during observation 
sessions conducted in the Control Tower.  
Appears that two flight plans (HCY441 and HCY441A) were 
filed for the same aircraft. Explanation given (by GC) was that 
the airline hedges their bets by filing twice to get the best 
route or slot or whatever, deciding later which one to use. 
Controller called several times to Helios 441 with no response, 
and then called Helios 441 alpha and got an immediate reply - 
so aircraft had decided which one it was. 
P1 P2 D Context 
Figure 6- 18 : Representation of Manipulative Decision Making Activity 
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In this case, according to the procedure to be followed, the decision made 
by P1 (GC) determines the actions to be performed by the P2 (pilot) 
during task performance (aircraft departure). The decision to be made is 
the aircraft departure time and the exit route from the airport. However, P2 
through his actions is working around authority and bypassing standard 
procedure, and thereby manipulates the decision made by P1 to suit his 
needs (Figure 6- 19 : ). Hence, he is indirectly collaborating to make the 
decision. 
Manipulative Decision MakingCategory
Code  Bypassing Standard 
Procedure
 Working Around Authority
 
Figure 6- 19 : Codes and Categories of Theoretical Construct: Manipulative Decision Making 
In this scenario, P1 and P2 are dependent on each other to perform the task 
of aircraft departure. P1 requires the P2 to register the flight plan and P2 
requires P1 to give him clearance to take-off. Managing this 
interdependency involves P1 and P2 aligning their work activities by 
synchronizing their actions and decision making. The above scenario 
illustrates how the manipulative mode of CDM emerges in consequence to 
managing interdependencies and demonstrates the relationships presented 
in the conceptual framework of CDM depicted in Figure 4-1.  
6.5.4. Emergent Decision Making 
In the studied work setting, actions and interactions involved in 
undertaking CDM vary with the changing situation of task performance. 
Emergent decision making is a category emerging from the data analysis 
which captures this form of CDM. The codes and sub-categories forming 
this category are presented in Figure 6- 20. 
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 Deciding Course of 
Action_Based on 
Current Situation
 Deciding Course of 
Action_Based on 
Expected Situation
 Deciding Course of 
Action_Based on Time 
Constraint
 Providing Information at 
the Right Time
 Providing Timely 
Assistance
“it purely depends 
on the situation”
Emergent Decision MakingCategory
Sub_Category
Code
Making Tactical 
Changes
 “changing the plan quickly”
 Choosing Alternative Ways 
of Performing Task
 
Figure 6- 20 : Codes and Categories of Theoretical Construct: Emergent Decision Making 
CDM in the studied setting is influenced by the changes taking place in 
the work environment. It is based on the conditions raised by current and 
expected situations, including time constraints arising during task 
performance. For example, the following scenario presents an example of 
how the intensity of communication between personnel from different 
work units varies with change in situation during task performance. The 
following extract presents part of the transcript of an interview conducted 
with the Tower Controller (TC). 
I How often do they (tower controller) have to telephone the 
Radar Control? 
TC If it’s a busy day where you have got lots of inbounds and lots of 
outbound. You might be on the phone with them up to a few 
minutes. On a quiet day when there are natural gaps in traffic 
and if it is not too busy you might not have to phone to them. 
I So it depends on the situation? 
TC It depends purely on the situation on what’s going on, how 
complex the traffic situation is, any instance going on. I sat in the 
tower position when I came in and I was there for an hour and a 
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half and I probably spoke to the radar controller for maybe 5 
times. That’s all. If considering the quite bad weather, because 
there are hardly any inbounds there is no reason to arrange for 
gaps. The only thing I had to do was to arrange for one gap and 
that rest was to do with coordination due to deteriorating 
weather. 
In the above scenario, the TC in the Control Tower and Radar Controller 
(RC) in the Approach Control have to jointly make decisions to determine 
gaps between aircraft arriving into the airport in order to make space for 
aircraft departing from the airport. The intensity of communication taking 
place between them varies during ‘peak’ and ‘non-peak’ traffic hours 
during the day. In the above scenario the communication between the 
controllers in the Control Tower and Approach Control lessened 
considerably due to bad weather. The change in situation changes the 
intensity of communication taking place from every few minutes during 
heavy air traffic to few times, and sometimes no communication takes 
place between the TC and RC. Thus, actions and interactions involved in 
undertaking CDM vary with the changing situation type. Hence, the way 
decisions are made collaboratively unfolds and is altered with changing 
situations.  
In this scenario, The TC and Radar Controller are dependent on each to 
manage the air traffic movement in and out of the airport. They manage 
the interdependencies by aligning their work activities. This involves 
synchronizing their actions, decision making and perception to arrange 
gaps between arriving aircraft to make space for departing aircraft. As 
illustrated in this scenario, the consequence of this process is decision 
making becoming a collabraotive act. This demonstrates the relationships 
depicted in the model of CDM presented in Figure 4-1. 
The modes of CDM presented above help elicit the variation in the way 
CDM is undertaking across work units in a real world complex work 
setting. It is construed from the analysis of these modes that CDM is not 
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just about personnel coming together at a particular point in time to form 
consensus or agreement, but is an ongoing activity taking place along a 
temporal continuum. This entails the convergence of decisions, actions 
and interaction of multiple personnel in the course of task performance. 
Furthermore, undertaking CDM entails accumulation of various decisions 
and actions of multiple personnel, thereby becoming a cumulative activity. 
It is also momentary as CDM is emergent with the changing dynamics of 
the situation of task performance. Thus, the way it is undertaken needs to 
be renegotiated with the changing situation and actions and interactions 
tailored accordingly.  
6.6. SUMMARY 
The chapter explains the emergence of managing interdependencies as the 
‘core category’ in the Grounded Theory analysis. Also, aligning work 
activities and keeping people in the loop are presented as two key 
processes involved in managing the interdependencies arising during 
decision making. Different modes of undertaking CDM was identified 
through the analysis of data collected. An account of the way this arises in 
consequence to managing interdependencies is presented. The emergence 
of the theory of CDM as a process of managing dependencies by 
establishing relationships between these theoretical constructs through the 
‘Six Cs’ coding family has been explicated. The next chapter discusses the 
key findings of this research. 
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CHAPTER 7 
 
A DISCUSSION OF THE THEORY OF 
COLLABORATIVE DECISION MAKING 
7.1. INTRODUCTION 
The theory presented in this thesis explicates the occurrence of 
Collaborative Decision Making (CDM) in the cooperative arrangement 
of real world complex work settings. A reflection of the main findings 
of this research described in the previous three chapters is presented 
here. The motivation of this thesis arising from the concerns outlined in 
chapters 1 and 2 are revisited. The key findings and its interpretation 
are discussed in relation to the disparities in existing perception of 
CDM in complex work settings including the notions of CDM as a 
‘choice-point’ event, a process of achieving common goals and 
consensual decision, and an activity of sharing information and mental 
models. Based on the clarifications made a new definition of CDM is 
derived from the developed theory. The chapter concludes with an 
evaluation of the Grounded Theory developed in this research. 
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7.2. COLLABORATIVE DECISION MAKING (CDM) IN 
COMPLEX WORK SETTINGS 
The cooperative arrangement of complex work settings necessitates that 
decision making takes place in collaboration with other personnel, 
which is characterized as Collaborative Decision Making (CDM) in this 
thesis. The findings indicate that when undertaken in the course of task 
performance in this arrangement, CDM does not occur as an isolated 
event at a particular instance when multiple personnel gather with the 
explicit aim of arriving at a decision. Instead, it is directed towards the 
task undertaken and integrated with work activities of the involved 
personnel. Furthermore, the theory of CDM presented in this thesis 
explains how undertaking CDM in the cooperative arrangement of 
complex work settings involves managing the distribution and 
interconnections in decision making in this setup. The associated 
conceptual framework presented in chapters 4,5 and 6 depicts this as a 
process of managing interdependencies. 
The theory of CDM presented in this thesis explains how undertaking 
CDM in the cooperative arrangement of complex work settings involves 
managing the distribution and interconnections in decision making in 
this setup. The conceptual framework presented in chapters 4,5 and 6 
depicts this as a process of managing interdependencies. In section 3.7. 
the essential elements of a theory considered for the purpose of this 
research were indicated to be: 
 factors (variables, construct, concepts) considered to be relevant 
to explain the phenomenon of interest 
 relationship between identified factors that delineate patterns 
and causal relationships 
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 underlying dynamics (such as psychological, economic and 
social) that justify the selection of factors and proposed 
relationships 
In view of the first element mentioned above, chapters 4,5 and 6 
demonstrate the emergence of concepts during data analysis which were 
identified to explain the occurrence of CDM in a complex work setting. 
The concepts include the codes and categories generated from the data 
through Grounded Theory Methodology (GTM). As described in 
chapter 3 (section 3.7.2) the theory generated through this methodology 
is about a concept which is the ‘core variable’ and its related concepts 
that account for the occurrence of the subject of inquiry (Glaser, 2001, 
pg. 199). In this thesis, the theory of CDM is positioned on the ‘core 
category’ emerging during data analysis which is managing 
interdependencies and its related concepts that together account for the 
occurrence of CDM (Figure 4- 1).  
Furthermore, the second element of a theory mentioned above indicates 
that that it should provide relationships between identified factors. This 
corresponds to the desired outcome in GTM to present clear concepts 
and relationships explaining the matter of inquiry. The theory of CDM 
developed in this research presents clear relationships between the 
theoretical constructs formulating the conceptual framework as depicted 
in Figure 4- 1. The key constructs of the theory are structured by 
adapting the ‘Six Cs’ theoretical coding family prescribed in GTM 
which include Cause, Context, Contingency, Consequence, Covariance, 
and Condition. Besides, few other coding families were employed to 
draw relationships between the constructs as depicted in Figure 3- 14. 
The conceptual ideas formulated in the theory of CDM are based on the 
relationships drawn through these theoretical coding families. This 
allows plausible hypothesis to be drawn about the occurrence of CDM 
in the cooperative arrangement of complex work settings. 
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For instance, in a real world complex work setting, CDM is undertaken 
in constantly changing conditions. This is captured in the theory of 
CDM through the construct dynamics of situation which forms the 
Context of CDM (Figure 4- 1). Based on the relationships drawn 
between the constituting categories of this construct, one of the 
plausible grounded hypotheses emerging during data analysis is that 
dynamics of situation affects CDM by influencing the temporality, 
intensity, structure and flexibility of actions and interactions involved 
in undertaking decision making. Also, the mode of CDM arising during 
task performance is depicted to be a Consequence of managing 
interdependencies in the theory of CDM. Based on relationships 
between the categories formulating this construct, a plausible grounded 
hypothesis emerging during data analysis is that the way personnel 
manage the relational orientation emanating from the dependencies in 
decision making accounts for much of their social behaviour and 
contribution in CDM. The theory captures this through the two 
constructs – aligning work activities and keeping people in the loop. 
The data analysis also brings forth the Covariance relationship between 
aligning work activities and dependencies as the former takes place in 
response to the latter. The plausible grounded hypothesis emerging 
during data analysis is that the way personnel synchronise their actions, 
decision making and perception to align work activities is structured by 
the interdependencies arising between their work activities during task 
performance. Similarly, various plausible grounded hypotheses can be 
drawn at levels of detail based on the relationships drawn between the 
concepts formulating the theory of CDM. Hence, the conceptual 
framework of CDM presented in this thesis not only presents a 
taxonomy of factors CDM but also a set of relationships between the 
identified factors through which plausible hypothesis can be drawn 
between concepts to understand and explain the occurrence of CDM in 
a cooperative work arrangement.  
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Another essential element of a theory is that the underlying dynamics 
justify the selection of factors and proposed relationships. GTM is 
aimed at eliciting underlying social dynamics from which the relevant 
factors and relationships, explaining the matter of inquiry are 
delineated. The concepts generated through GTM represent social 
patterns identified in the research data and are an abstraction of time, 
place, and people (Glaser 2002a). The theory of CDM presented in this 
thesis address the social dynamics in decision making in a cooperative 
setup. In this study, managing interdependencies emerged as a ‘core 
category’ which accounts for the participation and contribution of 
personnel in undertaking decision making in this setup and their social 
behaviour. This is reflected in the associated concepts and relationships 
constituting the theory of CDM. Through the associated findings, the 
existing notions of CDM are clarified and extended in the ensuing 
sections, thereby delineating the significance of this research.  
7.2.1. Impetus of CDM - Beyond ‘pooling’ 
information and decision making 
The impetus of CDM is primarily considered to be decision making. 
This notion, widely held in CSCW, is based on studies of decision 
making in groups in which members assemble with the explicit aim of 
arriving at a decision. These studies depict the motivation for 
undertaking CDM to be increasing information processing capacity, and 
making robust and balanced decisions by ‘pooling’ information 
(DeSanctis and Gallupe 1987; Finnegan and O'Mahony 1996; Kerr and 
Tindale 2004; Saaty and Peniwati 2013). Such a notion stems from the 
approach taken to decision making as one of problem solving. Hence, 
members of the group are considered to go through the solution space 
as a collective, and discuss shared and unshared information which 
increases their information processing capacity. Contrary to the above 
viewpoint this research indicates that when CDM is undertaken during 
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task performance in the cooperative arrangement of complex work 
settings, it is not approached explicitly as a problem solving process but 
rather as one of managing dependencies in decision making.  
Unlike CDM in a group, not all members in the cooperative work 
arrangement are involved in making a particular decision. The 
distributed nature of work performance in such an arrangement entails 
distributed decision making. Moreover, multiple decisions are made in 
the course of task performance and these are carried out through the 
collaborative operation of different personnel at separate instances. This 
research shows that personnel are brought together to undertake CDM 
by the inherent interconnections in the cooperative arrangement which 
manifest in the form of dependencies. Therefore, when personnel 
participate in CDM it is not necessarily with the explicit aim of arriving 
at a particular decision. Instead, their focus is on managing the 
dependencies between their work activities which has relevance to 
decision making in task performance. On this basis, the theory 
developed in this research contends that if dependencies did not exist 
between work activities, then the need for personnel to undertake CDM 
does not arise.  
These findings are significant because whilst the field of CSCW 
considers dependencies to be the crux of cooperative work arrangement 
in complex settings, investigations in the field generally overlook the 
function of dependencies in CDM. As delineated in Section 2.2.2, based 
on seminal research conducted in CSCW, the contention in the field is 
that the need to function collaboratively in complex work settings is 
caused by mutual dependence of tasks. Nevertheless, this relationship 
has not been explored in investigations of CDM. The findings of this 
research address the gap and explicate the role of dependencies in 
undertaking CDM in complex work settings. The argument put forth by 
researchers in the field (Schmidt and Bannon 1992; Rodden 1994; 
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Schmidt 1994; Schmidt and Simone 1996; Schmidt and Simone 1999) 
that the need for collaborative work arises due to dependencies in the 
work process is extended to CDM in this thesis.  
7.2.2. Process of CDM – Beyond achieving 
‘common goals’ and consensual decision 
The predominant view elicited from the literature reviewed in section 
2.3 is that CDM is a process of reaching goals held in ‘common’ 
between two or more individuals. Various definitions of CDM 
constructed over the years embody this notion (Bui and Jarke 1984; 
Orasanu and Salas 1993; Panzarasa, Jennings and Norman 2002; Seguy, 
Noyes and Clermont 2010; Kapucu and Garayev 2011; Winman and 
Rystedt 2012). However, such a viewpoint is contested by researchers 
in the field of CSCW (Bannon and Schmidt 1989; Boland et al. 1992; 
Bannon 1997; Cohen, Cash and Muller 2000). In particular, they argue 
that the notion is based on studies of CDM in groups which consists of 
a relatively closed and fixed ensemble of people sharing the same ‘goal’ 
and engaged in incessant direct communication (Bannon and Schmidt 
1989). This does not reflect its occurrence in the cooperative 
arrangement of complex work settings which consists of large, 
distributed, heterogeneous and semi-autonomous ensemble of personnel 
with varying goals. In corroboration, the thesis contends that the notion 
of CDM as a process of achieving common goals is a simplistic 
depiction of how it actually takes place in such an arrangement of the 
real world.  
The theory developed in this research clarifies the discrepancy by 
explaining that in the cooperative arrangement of complex work 
settings personnel are not required to undertake CDM just on the basis 
of common goals. In this arrangement, work activities involved in task 
performance are distributed across multiple personnel and work units 
with each having particularized roles and responsibilities. Hence, whilst 
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personnel are working towards the common goal of successful task 
performance they have distinct individual goals. For example, this is 
illustrated in section 5.2.2 in the scenario of the controllers in the 
Approach Control deciding the minimum spacing between arriving 
aircraft in collaboration with those in the Control Tower. Although, the 
controllers in the Approach Control and Control Tower are working 
towards the common goal of safe and efficient aircraft movement in and 
out of the airport, they have varying individual goals stemming from 
the work distribution and location of their work unit. In this scenario, 
the Radar Controller (RC) in the Approach Control wants to reduce the 
spacing between aircraft arriving into the airport due to constraints 
presented by the situation in the location of their work unit whereas the 
goal of controllers in the Control Tower is to arrange sufficient gaps 
between arriving aircraft so that they can allow the aircraft in the 
airport to depart. When controllers from both work units come together 
to jointly undertake the decision of minimum spacing between arriving 
aircraft they bring with them their distinctive goals. Hence, in the 
cooperative work arrangement, CDM spans more than achieving 
common goals. Also, in order to reduce the spacing between arriving 
aircraft the controller in Approach Control is dependent on those in the 
Control Tower to guide and coordinate the movement of departing 
aircraft accordingly. The former makes the decision of minimum 
spacing in collaboration with the latter because of the dependencies 
between their work activities and not just because they are working 
towards the common goal. The findings indicate that in the distributed 
arrangement of cooperative settings, having a common goal alone does 
not bring personnel together to undertake CDM. It is the dependencies 
in achieving the common goal that enables this and thereby CDM 
becomes a process of managing interdependencies.  
Another commonly held view in CSCW is that CDM is a process of 
reaching consensual decisions. This also arises from studies of decision 
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making in groups in which the emphasis is on how group members 
reach consensus on action to be taken to solve a common problem 
(Figure 7- 1). It involves a sequential process of personnel first 
identifying the need to collectively solve a problem which forms their 
common goal. This leads them to come together to form a group, jointly 
reason possible solutions and form consensus on choice of action. The 
outcome of this process is the decision to which members commit 
(Karacapilidis and Papadias 2001; Panzarasa, Jennings and Norman 
2002; Kapucu and Garayev 2011; Winman and Rystedt 2012). However, 
real world studies of decision making in the field of NDM contest the 
above notion of CDM as a process of forming consensus. It is argued 
that decision making during ‘everyday’ work activities is not aimed at 
achieving consensus through such a sequential process (Cannon-Bowers 
and Salas 2001; Hoffman and Yates 2005). Instead, the focus is on 
establishing the common understanding required for choosing a 
‘satisfycing’ course of action by merging information (Artman 1997).  
 
Figure 7- 1 :  CDM as a Process of Achieving Common Goal and Reaching Consensus 
The theory of CDM developed in this research clarifies and extends the 
above views by explicating that CDM is a differentiated process in the 
cooperative arrangement of complex work settings. Firstly, as presented 
above the impetus of CDM in this arrangement is dependencies between 
work activities of personnel involved in task performance and unlike in 
groups is not a common problem to be solved. The consequence of the 
distributed and interconnected nature of cooperative work arrangement is 
that in order to make decisions during task performance, personnel are 
dependent on each other for required information, necessary actions and 
other related decisions. In managing the interdependencies personnel come 
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together to undertake decision making in a collaborative manner. Secondly, 
when CDM takes place during task performance, the focus is not just 
arriving at a particular decision but successful accomplishment of 
undertaken task and this forms the common goal of involved personnel. 
Thirdly, when two or more personnel come together to undertake CDM they 
are working towards managing the dependencies in decision making that 
brings them together and not necessarily forming consensus on decision. 
This is illustrated in section 6.4 which presents the different modes of CDM 
activity. Even if personnel form consensus while undertaking CDM it is 
encapsulated in the process of managing interdependencies. For instance, in 
the scenario mentioned above the controllers in the Approach Control and 
Control Tower are brought together to undertake the decision of minimum 
spacing between arriving aircraft by the dependencies in their work 
activities. They form consensus on the minimum spacing in the process of 
managing their dependencies.  
7.2.3. Activity of CDM - Beyond ‘choice-point’ 
event and decision as end-point 
Current conceptualizations such as the models reviewed in section 2.3.5. 
typically depict the activity of CDM as a ‘choice-point’ event which 
culminates at a decision (Figure 7- 1). This notion arises from the 
viewpoint of decision making in an organizational setting as one of 
choice among options. Such a stance is also reflected in the field of 
CSCW which addresses CDM through studies of decision making in 
groups. The view held is that group members come together at a 
particular instance in time when they identify the need to make 
decisions jointly (Finnegan and O'Mahony 1996). Then a choice of 
action to solve a problem is made through information sharing, 
discussion, negotiation and consensus forming (Kraemer and King 
1988; Karacapilidis and Papadias 2001; Pratt et al. 2004; Wittenbaum, 
Hollingshead and Botero 2007; Lam and Schaubroeck 2011). Founded 
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on this information processing view, CDM is conceptualized as an 
activity in which collaboration leads to a decision - the ‘end-point’.      
This research presents an alternative view of CDM and explains that the 
activity in the cooperative arrangement of complex work settings 
extends beyond a ‘choice-point’ and does not necessarily culminate in a 
decision. The ensuing discussion elaborates the comparative view of 
CDM activity depicted in Figure 7- 2.  
 
Figure 7- 2 : Comparative View of Existing and Clarified Conceptualization of CDM Activity  
The inference drawn from the review of existing definitions and models 
of CDM in section 2.3 is that the activity is aimed at decision making. 
Whilst this reflects the way it takes place in an ensemble such as a 
group, the findings of this research show that it is not particularly so in 
the cooperative arrangement of a real world complex work setting. This 
thesis corroborates the view put forth by studies in NDM that in such 
settings decision making is not the explicit focus of CDM activity 
(Brehmer 1992); rather it is the task being performed. For instance, in 
the scenario of the controllers in the Approach Control and Control 
Tower deciding the minimum spacing between arriving aircraft, the 
former makes the decision in collaboration with the latter. In this case, 
Existing Conceptualization of  
CDM Activity  
Aimed at decision making 
Choice-point activity 
Sequential Activity 
Decision is the end-point 
Communication to form 
consensual decision 
Conceptualization of CDM Activity 
Emerging from this Research 
Aimed at task performance 
Progressive activity  
Cumulative Activity 
No explicit end-point 
Communication to manage 
interdependencies 
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the Radar Controller (RC) controller in the Approach Control informs 
the Ground Controller (GC) in the Control Tower about his need to 
reduce the spacing between incoming aircraft in order to manage the 
flow of aircraft movement in and out of the airport, to which the GC 
agrees. Here, when the controllers come together their focus is not 
decision making but performing the task in the given conditions.  
This gives rise to one of the key findings of this research which is that 
CDM in the cooperative arrangement of complex work settings is not an 
activity of personnel collaborating to make a decision which is 
agreeable to those involved (Figure 7- 3). Instead it is more of an 
activity of making decisions in collaboration with others involved in 
task performance (Figure 7- 4). In the figures below P1, P2 and P3 
represent personnel and D represents decision.  
The different modes of CDM activity presented in section 6.4. illustrate 
this view. For instance, in the sequential mode, decisions are made in 
succession by personnel P1 (Assistant) and P2 (engineer) along a 
temporal continuum in response to each other’s actions and decisions. 
In this scenario, P1 makes the decision to notify the workshop 
personnel that the temperature indicator in the Control Tower is not 
functioning. Here, P1 is dependent on P2 in the workshop to rectify the 
failure which necessitates involvement of the latter who in turn makes 
the decision to compare the reading between the sensor on the Runway 
and the temperature indicator in the Control Tower. In this scenario, 
decision making takes place in relation to each other’s activities and 
becomes a collaborative act through the actions and interactions taking 
 
 
 
Figure 7- 3 : Diagrammatic Representation of 
CDM in Groups 
Figure 7- 4 : Diagrammatic Representation of 
CDM in Cooperative Work Arrangement 
D 
P1 
P2 
P3 
D 
P1 
P2 P3 
D 
D 
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place to manage the interrelations between the work activities of the 
engineer, Assistant and Tower Controller (P3). Such an arrangement of 
CDM activity is structured by the interdependencies arising between the 
work activities of P1, P2 and P3. The consequence of this is that instead 
of being a ‘choice-point’ event which occurs at a particular instance to 
arrive at a decision, CDM is progressive with multiple personnel 
undertaking decision making in relation to each other’s activities over a 
temporal continuum in the course of task performance. This 
differentiates CDM activity taking place in the small homogeneous 
ensemble of a group from that taking place in the cooperative 
arrangement of a complex work setting. In this arrangement, CDM 
activity involves actions, interactions and decisions of multiple 
personnel converging in the process of managing interdependencies 
arising during task performance. As seen in this example the actions, 
interactions and decisions of P1, P2 and P3 accumulate and converge in 
the process of managing the dependencies between their work 
activities. The scenarios illustrating the sequential, mutually-consented, 
manipulative, and emergent modes of CDM activity presented in 
section 6.4. demonstrate this aspect. 
Furthermore, the models of CDM reviewed in section 2.3.5. depict 
decision as the termination point in the activity. Alternatively, the 
modes of CDM activity identified through this research illustrate that 
there is no specific instance in the activity at which a decision can be 
identified as end-point. In the cooperative work arrangement, decisions 
are not finished and final. Instead, partial decisions are made and are 
built upon as task performance progresses. Participation in CDM 
activity takes place as and when the need for managing 
interdependencies arises. For instance, in the example illustrating the 
manipulative mode of CDM activity depicted in section 6.4.3. decision 
made by personnel P1 is partial and not finished or final. Similarly, 
decision made by P2 is partial and not final as further decisions have to 
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be made by other personnel in relation to this at different procedural 
locations along the temporal continuum of task performance. The 
interdependencies between work activities of P1 and P2 lead to 
convergence of their decisions but this does not take place explicitly. 
Instead, decisions made by P1 and P2 are embedded in their actions 
which when synchronized results in the convergence of their decisions. 
In this example, neither the decision made by P1 or P2 represents a 
final-stage or end-point of CDM activity. Instead, the decisions are 
embedded in their actions and interactions and the activity progresses 
until the completion of undertaken task. The CDM activity does not 
terminate at one particular decision. Instead, a number of decisions 
have to be made by different personnel at different instances in the 
course of task performance in relation to other’s work activities due to 
the inherent interconnections in the work arrangement. These findings 
corroborate the argument put forth by Hoffman and Yates (2005) that 
decision making in the complex work settings of the real world entails a 
host of work activities that are interactive and parallel. Also, it is not 
about bringing a series of events to a point like conclusion to a decision 
but involves a number of decisions each of which need to be unpacked. 
The findings also corroborate the notions put forth by Brown (2005) 
who contends that instead of perceiving decisions as choice points that 
entail cognitive work to make a selection, it should be considered as 
‘social objects’ that structure collaboration.  
The literature reviewed in chapter 2 indicate that communication is at 
the crux of CDM activity as it enables inclusion of individual 
contribution to decision making and integrate diverse knowledge, 
expertise, strategies and solutions of involved personnel leading to 
robust and balanced decisions (Schmidt 1990; Schmidt 1994a; 
Jankowski et al. 1997; Cook, Gerrish and Clarke 2001; Filip 2008). 
This research also brings forth the importance of communication in 
undertaking CDM activity through the concept of Keeping People in the 
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Loop (KPIL) presented in section 6.3.2. Based on the associated 
findings, this research shows that unlike the portrayal of studies of 
decision making in groups, in the cooperative arrangement of complex 
work settings, communication involved in CDM activity is aimed at 
managing the dependencies involved and not necessarily forming 
consensus. The following section presents further discussion on this 
aspect of CDM activity. 
7.2.4. Articulating CDM - Beyond sharing 
information and mental models 
Existing studies of decision making in groups and teams, whilst 
recognizing that the members are interdependent in their work activities 
(Malone and Crowston 1990; Schmidt and Bannon 1992; Cannon-
Bowers, Salas and Converse 1993; Oslon and Oslon 2000) have not 
placed much focus on the role of interdependencies in the occurrence of 
CDM. Instead, as delineated in section 2.3.3., studies in CSCW and 
NDM mainly approach CDM through the notion of ‘sharedness’ in a 
group or team. Particularly the focus is on sharing information and 
mental models. The argument put forth here is that this perspective 
presents a limited approach to conceptualizing the way CDM is 
undertaken in the cooperative arrangement of real world complex work 
settings. The theory of CDM presented in this thesis explicates that 
CDM in such settings is a complex activity which extends beyond 
sharing information and sharing mental models.  
This research presents CDM to be fundamentally a process of managing 
interdependencies. In the field of CSCW, activities involved in 
managing interdependencies are known as ‘articulation work’. Here, the 
label ‘articulating’ is appropriated from this notion to introduce the 
term ‘articulating CDM’ to depict the way CDM is undertaken in the 
process of managing interdependencies arising during task 
performance. The theory developed through this research explains that 
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‘articulating CDM’ in complex work settings involves Aligning Work 
Activities (AWA) of personnel by synchronizing their actions, decisions 
and perception. This is contingent on Keeping People in the Loop 
(KPIL) which takes place through various communication acts 
implemented as anticipatory and reactionary interactions.  
Articulation work in the cooperative arrangement of complex work 
settings involves determining who is doing what, where, when and how 
in order to accomplish tasks (Fjuk and Smordal 1997; Schmidt 2010) 
and this extends to CDM. As shown in this research, personnel 
undertake CDM because they are dependent on each other during 
decision making for required information, performing necessary actions 
and making related decisions. Managing these dependencies in the 
constantly changing conditions of complex work settings requires 
personnel to establish who is doing what, where, when and how in the 
situations arising during task performance. The findings of this research 
indicate that this is achieved through explicit and implicit correlation of 
actions, decisions and perception of the involved personnel. This 
corresponds to direct and indirect articulation work portrayed in CSCW 
(discussed in section 2.2.3.). 
Explicit correlation of actions in CDM takes place through the request-
response cycle with personnel requesting others to perform actions in 
relation to their own. By performing actions in response to requests 
their actions are correlated. For instance, to perform maintenance work 
on aircraft, as described in section 6.3.1., the pilot of the aircraft is 
dependent on the decision of the Ground Controller (GC) in the Control 
Tower. The former needs to obtain permission from the latter to taxi the 
aircraft from the parking stand to the ‘compass base’ where the 
maintenance work will be performed. In order to do this, the actions of 
airline operator, aircraft pilot, GC in the Operations Centre as well as 
the Assistant and GC in the Control Tower need to be correlated. In the 
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process of correlating their actions the GC in the Control Tower obtains 
the information required to make the decision. Alternatively, implicit 
correlation occurs by performing actions in response to information 
obtained through overhearing other’s conversation and visual 
observation of other’s activities. This is illustrated in the scenario 
presented in section 6.3.1. in which the GC in the Operations Centre is 
able to correlate his actions with that of the controllers in the Control 
Tower and the aircraft pilot by listening to the conversations taking 
place between them on the radio telephone and make corresponding 
decisions. Thus, decision making takes place in collaboration with other 
personnel through explicit and implicit correlation of their actions.  
Articulating CDM in the cooperative arrangement involves correlating 
decisions distributed between personnel as well as bringing them 
together to make decisions. Similar to correlating actions, decisions 
made by personnel involved in task performance are also correlated 
through the request-response cycle. Personnel request others to make 
decisions in relation to their own thereby achieving correlation. In 
contrast, implicit correlation is achieved by embedding decisions in 
actions performed and information transferred. When decisions are 
made in response to these actions and information they are implicitly 
correlated. This is illustrated in the scenario presented in section 6.3.1. 
in which the GC in the Operations Centre embeds his decision to allow 
the engineer to perform maintenance work on an aircraft in the 
information sent to the GC in the Control Tower. When the latter makes 
the decision in response to this information their decisions are 
correlated.  
Another aspect of articulating CDM involves personnel coming 
together to make decisions. This compares with the models reviewed in 
section 2.3.5. in which they assemble with the aim of making at a 
decision jointly. However, unlike the depiction in these models, 
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personnel in the cooperative arrangement are brought together by the 
dependencies in their work activities and not necessarily the need to 
solve a common problem. As demonstrated earlier in this chapter, the 
common problem alone does not bring personnel together to undertake 
CDM. Instead, it is the dependencies in solving the common problem 
that brings them together and involved personnel are unified in the 
decision making. This takes place explicitly and implicitly with the 
former achieved through mutual decision making in which personnel 
make a decision jointly and the latter occurs when personnel 
acknowledge the decision made by others indirectly by performing 
related actions and decisions. 
Furthermore, articulating CDM in the cooperative arrangement of 
complex work settings requires personnel to correlate their perception 
due to the differences engendered by the heterogeneous nature of work 
units in which personnel operate. Explicit correlation of perception is 
achieved by sharing information verbally or non-verbally between 
personnel involved in task performance. For instance, in the depiction 
of the use of Departure Status Information (DSI) system in section 
6.3.1., perception of controllers in the Control Tower and Approach 
Control is correlated by means of the former sharing information about 
his decision and the consequent status of departure aircraft movement 
in the airport. Based on this information, the controller in the Approach 
Control makes decisions. Thus, correlating perception of personnel 
leads to CDM. Alternatively, implicit correlation takes place by 
monitoring other’s work performance and making inferences out its 
relation to one’s own activities. It is also achieved by adhering to 
standard procedure and work practices in task performance as not 
deviating from this helps avoid surprises and misunderstanding between 
personnel. The procedures and standard work practices act as a common 
frame of reference based on which personnel perceive the relation 
between each other’s work activity in undertaking CDM.  This is 
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particularly vital for associative and temporal structuring of work 
activities when CDM takes place across spatially distributed work units 
and personnel are restricted in their means of communication.  
Besides, the standard procedure in task performance delineates the 
depender-depended relationship between work activities of the involved 
personnel. It prearranges who does what, where, when and how thereby 
leading to planned articulation work. This helps to form expectations of 
requirements, possibilities and constraints in articulating CDM. 
However, the dynamic environment of the complex work setting 
requires adapting to the constantly changing conditions during CDM 
and entails situated articulation work. For instance, the scenario 
presented in section 6.4.4. describes how the intensity of 
communication between the controllers in the Control Tower and 
Approach Control varies during decision making with the changing 
conditions in task performance.  
The findings of this research indicate that the process of Keeping 
People in the Loop (KPIL) is central to articulating CDM. This is 
particularly vital to synchronise work activities in the constantly 
changing conditions of complex work settings and across work units. It 
is achieved through a number of communication acts implemented as 
anticipatory interactions in preparation for decision making and 
reactionary interactions in consequence to it. The information shared 
through these establish the awareness and common understanding 
required for synchronizing work activities to undertake CDM. The 
premise in CSCW is that group members make better decisions by 
sharing information as well as their opinion and knowledge thereby 
integrating individual contributions. In the complex work settings 
however it is more about providing timely and valid information in the 
constantly changing conditions in order to synchronize work activities 
and manage interconnections in decision making. Nevertheless, studies 
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in CSCW contend that sharing information alone is insufficient to 
function collaboratively and the meaning of shared information needs to 
be held in common (Schmidt and Bannon 1992; Bannon and Bødker 
1997; Reddy, Dourish and Pratt 2001). This is enabled through the 
anticipatory and reactionary interactions taking place to manage the 
dependencies in decision making.  
7.2.5. A Definition of Collaborative Decision 
Making 
The definitions reviewed in this thesis in section 2.3.1 focus on 
outcomes of CDM such as reaching consensual decision and achieving 
common goals. As discussed above this does not necessarily reflect the 
way CDM is undertaken in the cooperative arrangement of complex 
work settings. Based on the clarifications presented in this chapter a 
new definition of CDM is put forth which depicts its occurrence in 
these settings. The definition is founded on the following assumptions:  
 
Based on the above assumptions and the theory developed through this 
research CDM in complex work settings is defined as: 
 
CDM is undertaken in the course of task performance in a cooperative work 
arrangement. 
The cooperative work arrangement is characterized by multiple individuals 
with specific role responsibilities, distributed work performance, 
dependencies between work activities and dynamic work conditions. 
Personnel are dependent on each other for information, actions and decisions 
to undertake tasks. 
Personnel participating in CDM share operational responsibility for the 
outcome of task performance. 
Personnel have  the similar goal of successful task performance but can have 
varying goals arising from their individual role responsibilities and  location 
of  the work units they are operating from. 
Operational procedures laid down by the organization govern work activities 
of personnel. 
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An ongoing activity induced and structured by dependencies in 
decision making, and a process of managing the interdependencies by 
synchronizing actions, decisions and perception of personnel through 
various communication acts and modes of interaction.  
Unlike other definitions, this focuses on the cooperative arrangement in 
complex work settings and not on the outcome of CDM.  
7.3. EVALUATING GROUNDED THEORY OF 
COLLABORATIVE DECISION MAKING 
The goal of theory development through Grounded Theory Methodology 
(GTM) is conceptualization of phenomenon by integration a set of plausible 
grounded hypothesis (Glaser and Holton 2004b). The main difference 
between GTM and other qualitative research approaches is in the 
importance given to the abstraction of time, place, and people for theory 
generation as opposed to the context specific description of the latter (Glaser 
2001). Thus, the validity of Grounded Theory research is judged by fit, 
relevance, workability, and modifiability (Glaser and Strauss 1967; Glaser 
1978; Holton 2008).  
Fit refers to how closely the concepts relate to the phenomenon represented 
by them. This criteria is deemed to be most important for evaluating validity 
and truth of theory generated through GTM (Lomborg and Kirkevold 2003). 
In this research, fit of the theory developed was achieved by being conscious 
of not imposing preconceived notions from reviewed literature to influence 
the coding of collected data. Although the literature reviewed in chapter 2 
informed the development of codes and categories, these were not forced to 
fit the literature. Fit is also achieved by undertaking data collection, analysis 
and theory generation jointly. ‘Theoretical sampling’ was employed in 
theory generation whereby the data directs subsequent questions to be 
addressed and further data collection in the development of the theory of 
CDM. This process ensures that the concepts comprising the theory closely 
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relate to the way CDM is undertaken in the studied complex work setting. 
Besides the core concerns of studied personnel and processes involved in 
undertaking CDM were elicited from the data which ensured relevance of 
theory to the substantive field of study. 
The next criteria is workability which means the theory should be able to 
explain and interpret the data as well as predict what will happen in the 
substantive field. This is achieved through the identification of the core 
category - managing interdependencies - and integrating related categories 
by employing the ‘Six Cs’ theoretical coding family prescribed by Glaser. 
The theory of CDM is founded on the core category and its systematic 
generation enables interpretation and explanation of what is happening in 
the data and the way CDM is undertaken by personnel during task 
performance. Furthermore, relationships drawn in the theoretical framework 
provide plausible propositions that predict the occurrence of CDM in the 
cooperative work arrangement of a complex work setting. 
The fourth criteria is modifiability. Grounded Theory is inherently 
modifiable as it receptive to change with new data and ideas (Glaser 1978). 
Theory generation is an emergent process in GTM and is constantly 
modified when new relevant data is compared to existing data. This 
modifiability attribute of theory generated through GTM makes 
generalizability easily possible because theory can be applied elsewhere 
with emergent fit (Glaser 2001; Glaser 2002c). Conceptualization in GTM is 
guided by the criteria that the conceptual level of the category should be 
abstract enough to make the theory applicable to multiple changing 
situations and at the same time not lose the sensitizing aspect (Glaser and 
Strauss 1967, p.g. 242). The concepts formulating the theory of CDM were 
generated through the method of ‘constant comparison’ in all three coding 
phases which helps identify underlying patterns about what is happening in 
the data. As new data was collected, it was compared with existing codes 
and categories to look for similarities and differences. Categories were 
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compared to identify relationships and formulate higher level concepts. This 
process of constant comparison enables the concepts developed to be 
abstract of time, place and people, thereby those comprising the theory of 
CDM are generalised. Additionally, the transparency and dependability of 
the process of theory generation in this research is ensured by clearly 
explaining the procedural application of GTM as well as by illustrating the 
application of its tenets in chapter 3. 
7.4. SUMMARY 
This chapter has presented a discussion of key findings formulating the 
theory of CDM described in chapters 4, 5 and 6. Its occurrence in real 
world complex work settings is explicated by addressing the impetus, 
context, process and activity of CDM in the cooperative arrangement of 
these settings. The findings of this research are mapped against specific 
notions elicited from the literature reviewed in chapter 2 and current 
views on CDM are clarified and extended. Specifically, the discussion 
presented in this chapter reveals that CDM in the cooperative 
arrangement of complex work settings is a differentiated process. 
Addressing CDM in this arrangement requires a shift in perception from 
considering it as an activity of collaboration leading to a decision to one 
of making decisions in collaboration with personnel involved in task 
performance. This brings forth the integrated nature of decision making 
and social work activities.  
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CHAPTER 8 
 
A CONCEPTUAL FRAMEWORK FOR 
ANALYSING COLLABORATIVE 
DECISION MAKING IN A COMPLEX 
WORK SETTING 
8.1. INTRODUCTION 
A conceptual framework is derived from the theory emerging from this 
research to serve as a tool for analyzing the occurrence of CDM in a 
complex work setting. The chapter presents this analytical tool with the 
purpose of examining the usefulness of the theory in explaining how CDM 
transpires in the cooperative arrangement of complex work settings. It 
consists of 10 parameters that can be applied to characterize the 
particularities of CDM in such a setting. A demonstration of this is 
presented by analyzing an aircraft accident investigation report. This 
analysis also provides an initial validation of the viability of the developed 
framework for exploring, understanding and drawing insights about the way 
personnel undertake CDM during everyday work activities in the real world. 
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8.2. PARAMETERS OF THE ANALYTICAL 
FRAMEWORK  
The analytical tool consists of ten parameters derived from the theoretical 
constructs presented in chapters 4, 5 and 6.  This provides a structure to 
focus the analysis and allows the occurrence of CDM in a complex setting 
to be characterised with respect to the distribution and interconnections in 
its cooperative arrangement. The parameters and are as follows:  
i. Type of Situation 
ii. Heterogeneity of Work Units 
iii. Dependencies between Work Activities 
iv. Keeping Track of Changes in Work Environment 
v. Keeping the Interaction Going with Each Other 
vi. Avoiding Misunderstanding and Surprises 
vii. Correlating Actions and Decisions 
viii. Unifying Decision Making 
ix. Emergent Decision Making 
x. Fitness of Information Exchange 
The parameters presented above highlight important conditions (i, ii, iii) , 
behaviour (iv, v, vi, vii, viii) and contingency factors (ix, x) to focus upon to 
analyse the way CDM is undertaken during task performance in a real world 
complex work setting. The associated propositions presented in the theory 
of CDM are also indicated to guide the analysis. 
Type of Situation 
CDM takes place in the dynamic environment of a complex work setting. 
Hence, it is important to understand the type of situation in which it is 
undertaken. This parameter focuses on the situations arising during task 
performance. For example, it can be characterised through varying degrees 
of criticality and predictability as presented in chapter 5. The theory of 
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CDM explains that the type of situation arising during task performance 
affects participation in CDM with respect to the temporality, structure, 
intensity and flexibility of interaction taking place between personnel 
involved.  
Proposition: Type of situation arising during task performance presents 
possibilities and constraints in undertaking CDM. 
Heterogeneity of Work Units 
Task performance in the cooperative arrangement of complex work settings 
requires involvement of multiple work units. When CDM is undertaken 
during task performance differences between the work units of involved 
personnel influences their goals, requirements, participation and 
contribution. 
Proposition: Heterogeneity of work units involved in undertaking the task 
presents possibilities and constraints in undertaking CDM between 
personnel operating from these units. 
Dependencies between Work Activities 
To undertake decision making in the cooperative arrangement of complex 
work settings personnel are dependent on each other for obtaining required 
information, performing necessary actions and making related decisions. 
This arises from the distributed and interconnected nature of the cooperative 
arrangement of such settings. Managing the relational orientation emanating 
from the dependencies leads to and structures participation in CDM. 
Proposition: Dependencies cause the need for personnel to undertake 
decision making in a collaborative manner as well as structure 
participation and contribution in CDM. 
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Keeping Track of Changes in Situation 
In complex work settings, the dynamic environment gives rise to variation 
in the type of situation arising during task performance. Hence, undertaking 
CDM requires personnel to keep track of changes taking place in the work 
setting.  
Proposition: Keeping track of changes in situation of task performance 
facilitates adapting CDM to changing requirements in the dynamic 
environment.  
Keeping the Interaction Going between Each Other 
Undertaking CDM in the varying situation of task performance requires 
keeping the interaction going between personnel undertaking the task in 
order to determine the requirements to be fulfilled, establish required 
common understanding and make informed decisions. This takes place 
through interaction undertaken in anticipation or response to occurrences in 
the work environment.  
Proposition: Keeping the interaction going with personnel during task 
performance helps synchronize actions, decisions and perceptions required 
to undertake CDM.   
Avoiding Misunderstandings and Surprises  
Performing CDM across heterogeneous work units and in the constantly changing 
situation of task performance is facilitated by avoiding misunderstandings between 
personnel involved and avoiding surprises. This is enabled by adhering to standard 
procedure for undertaking tasks and standard work practices in the setting.  
Proposition: Establishing the common understanding required for 
undertaking CDM involves integrating viewpoints of personnel involved in 
task performance by sharing information as well as avoiding 
misunderstanding and surprises by adhering to standard operational 
procedures and work practices. 
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Correlating Actions and Decisions 
CDM in the cooperative arrangement of complex work settings involves 
correlating actions and decisions of personnel performing the task. This is 
achieved through implicit and explicit orientation. Explicit orientation takes 
place through by individuals requesting actions and decisions to be taken by 
others who then respond accordingly. Implicit orientation takes place by 
individuals embedding decisions in actions and information transferred 
between those involved in task performance. When personnel perform 
actions and decisions in response their actions and decisions are correlated 
through implicit orientation.  
Proposition: Undertaking CDM in complex work settings requires 
managing the distribution and interconnections in decision making in the 
cooperative arrangement by correlating actions and decision of personnel 
undertaking the task. 
Cohering Decision Making  
During task performance, personnel are brought together to undertake CDM 
through mutual and complimentary means. Decision making of multiple 
personnel is unified through mutual means by making decisions jointly. 
Alternatively, this takes place through complimentary means when 
personnel make decisions in causal or reciprocal relation to that made by 
others.  
Proposition: Unifying decision making of multiple personnel undertaking 
the task in the distributed and interconnected setup of the cooperative work 
arrangement is achieved through mutual and complimentary decision 
making.   
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Emergent Decision Making 
Undertaking CDM in complex work settings is emergent because it needs to 
be adapted to the constantly changing conditions arising during task 
performance. 
Proposition: Participation and contribution is CDM needs to be adapted to 
the varying conditions brought forth by the changing situations of task 
performance. 
Fitness of Information Transmission 
Fitness of information exchanged between personnel during task 
performance is an important factor affecting CDM. It is determined through 
the form of information transfer such as standard and non-standard forms; 
medium through which information transfer takes place such as verbal and 
non-verbal; and timing of information transfer such as periodical and ad-
hoc. 
Proposition: The form, medium and timing of information exchange taking 
place during task performance influences the ability of personnel to align 
work activities required for undertaking CDM. 
The application of the analytical tool is presented next by employing the 
parameters to analyse an aircraft accident report and drawing insights about 
the way CDM in undertaken during airport air traffic control operations.  
8.3. ANALYZING COLLABORATIVE DECISION 
MAKING IN ATC WORK SETTING 
The aircraft accident report selected for this study is that of the Singapore 
Airlines (SIA) Flight SQ006 which crashed on a partially closed runway in 
Chiang Kai-Shek (CSK) Airport, Taiwan on October 31, 2000 (Aircraft 
Accident Report ASC-ARR-02-04-001, Aviation Safety Council, Taiwan, 
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Republic of China). A number of accident reports were reviewed and this 
was considered to be particularly suitable for the purpose of the study as it 
provides detailed description of the state of the work setting and Air Traffic 
Control (ATC) operations at the time of occurrence of the accident. The 
report focuses on operations taking place during the departure of Singapore 
Airlines (SIA) Flight SQ006 from CSK Airport. It also presents the 
collaborative functioning of personnel from different work units and 
decision making involved. This section of the chapter describes the use of 
the parameters presented above to analyse CDM occurring during aircraft 
departure from the airport. This is purely a theoretical exercise to 
demonstrate the plausible applicability of the theory emerging from this 
research to analyze CDM in complex work settings.  
The aircraft crashed on a partially closed Runway during takeoff. It collided 
with construction equipment and pits on the Runway and was destroyed in 
post crash fire. This took place on a portion of the Runway which had been 
closed to for maintenance at the CSK airport. The following analysis is 
structured through the parameters and propositions presented above. 
Type of Situation  
Weather condition at the time of aircraft departure from the Airport was 
poor as heavy rain and strong winds from typhoon “Xangsane” prevailed. 
During takeoff the Runway was slippery with strong crosswind and low 
visibility. While occurrence of the typhoon was known in advance the 
severity of its effect at the time of aircraft takeoff was unexpected. Here, the 
type of situation arising during task performance was critical and 
unanticipated. According to the accident investigation, these conditions 
subtly influenced the flight crew’s decision making and situation awareness. 
However, this analysis reveals that low visibility also influenced the 
situation awareness of the controllers in the Control Tower.  
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The type of situation by limiting the ability of flight crew members and 
controllers in the Control Tower in establishing required situation awareness 
arising during the aircraft departure presented constraints in undertaking 
CDM. Consequentially, this constraints the interaction taking place between 
them to undertake CDM. Due to the lapse in situation awareness neither did 
the controllers provide progressive instructions nor did the flight crew deem 
necessary to request it. Hence, the latter made the assumption that they were 
on the correct runway and made the decision to takeoff. 
Heterogeneity of Work Units 
At the time of aircraft departure, there were four controllers functioning in 
the CSK Airport Control Tower: Local Controller, Ground Controller, flight 
Data Controller, and Clearance Delivery Controller. The flight crew 
members in the aircraft consisted of three pilots who are represented in the 
accident report as Crew Members 1, 2, and 3 (CM1, CM2, and CM3). 
Besides, there are individuals from a number of other work units who are 
involved such as: Airport Infrastructure Management, Maintenance and 
Engineering Unit, SIA Contract Dispatchers, Airport Management, Airport 
Rescue and Fire Fighting (ARPF) personnel, medical personnel, Civil 
Aeronautics Administration, (CAA) of Republic of China (ROC), and 
International Civil Aviation Authority. 
Heterogeneity between work units involved in performing the task of 
aircraft departure elicited from the report is as follows. In terms of 
responsibilities of personnel, the pilots are responsible for flying the aircraft 
from departing to destination airport. The controllers in the Control Tower 
are responsible for providing guidance and instructions to the pilots in the 
aircraft to move it from the parking stand in the airport, movement on the 
taxiway and takeoff from the runway. Maintenance and Engineering unit is 
in charge of lights in the airport including the taxiways and runways. CAA 
of ROC is responsible for issuing Notice to Airmen (NOTAM) while the 
SIA contract dispatchers provide dispatch documents in advance to the 
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flight crew which provide important information flight preparation. Based 
on their responsibilities, personnel from these work units are placed at 
different procedural location in the process of performing the task of aircraft 
departure. 
In terms of spatial location, the flight crew are in the aircraft as it departs 
from the airport. Hence, they are in constant motion. The Controllers in the 
Control Tower are located near the Runway and Taxiways whilst the SIA 
Contract Dispatcher is located in the Airline Hanger. Other units located in 
the airport are Maintenance and Engineering Unit, Airport Management, 
Airport Rescue and Fire Fighting (ARPF) personnel, and medical personnel. 
In terms of resources, Automatic Terminal Information Service (ATIS) is 
available to the controllers in the Control Tower and flight crew whereas 
Notice to Airmen (NOTAM) is available to Control Tower, Maintenance 
and Engineering Section, Flight Operating System (FOS) and flight crew. 
However, only the flight crew have the Para-Visual Display (PVD). 
Whilst the report establishes the differences between the work units there is 
insufficient information to determine the influence of all the above on CDM. 
However, it shows that the difference in spatial location of the flight crew 
and the controllers in the Control Tower constrained their ability to 
undertake CDM during the aircraft departure. The controllers could not 
visually monitor the movement of the aircraft. Moreover, whilst the flight 
crew members could see the Taxiway and Runway lighting, the controllers 
in the Control Tower could not. This influenced their participation and 
contribution in making the takeoff decision.  
 
Dependencies between Work Activities 
Dependencies were identified between work activities of a number of 
personnel involved in the departure of the aircraft. In the report this was 
mainly presented in relation to the activities of the flight crew members. 
Specifically, they are dependent on the controllers in the Control Tower for 
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guidance and clearance instructions during their movement from the parking 
bay to the Runway, SIA contract dispatchers for pre-flight information, CSK 
airport infrastructure management personnel for placement of warnings and 
indicators on the Taxiways and Runway, medical coordinator/interim 
coordinator for medical treatment and rescue, and airport rescue and fire 
fighting personnel during emergencies.  
These dependencies brought together personnel from different work units at 
different instances in the course of performing the task of aircraft departure. 
For instance, the flight crew members and the dispatchers had a briefing the 
day before the flight whereas the flight crew members and the controllers in 
the Control Tower were brought together to undertake decision making 
during the movement of the aircraft from the parking gate to the Runway. 
Whilst the dispatchers and the flight crew members do not jointly make 
decisions, the former has participated in the decision making by providing 
required information. The decision made by the flight crew members during 
takeoff was influenced by the information given by the dispatchers. 
Similarly, the decision to takeoff was also based on the clearance obtained 
from the controllers in the Control Tower at the time of departure. Thus, the 
dependencies between their work activities structured the participation of 
personnel in CDM.  
Keeping Track of Changes in Situation  
The flight crew of the aircraft departing from the airport was aware that a 
portion of the Runway 05R was closed and that it was only available for 
taxiing. They were informed that typhoon “Xangsane” was approaching 
CKS airport during the dispatch briefing that took place the previous day. 
The flight crew members also read the NOTAM and Internal Notice to 
Airmen (INTAM) regarding partial closure of Runway 05R between 
Taxiway N4 and N5. For example, the report states that CM1 recounted that 
he told himself to be more alert than usual and to be especially aware of the 
situation. 
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CM1 continued to visually monitor the weather on ATIS. He also kept track 
of the situation by overhearing the controller in the Control Tower giving 
weather information to two other flights that were departing around the 
same time. Keeping track of changes in the situation by visually monitoring 
the physical environment was challenging because of reduced visibility 
caused by the darkness and heavy rain. Nevertheless, this did not prohibit 
the flight crew members from seeing the Taxiway and Runway lighting, 
makings, and signage. The report states that CM1’s actions were founded on 
visual observation of centreline and green Taxiway lights which he followed 
to manoeuvre the aircraft onto Runway 05R. Similarly, CM2 relied on the 
green centreline lights for navigation because of poor visibility.  
With respect to the controllers in the Control Tower, the Local Controller 
(LC) could not visually observe the movement of the aircraft on the 
Taxiway and Runway as low visibility prevented him from seeing the 
aircraft line up for takeoff. This restricted his ability to keep track of 
changes in situation. The report states that the LC could not visually observe 
the aircraft after it commenced taxing. He could also not see the centreline 
lights and edge lights on the Runway 05R or between the Control Tower 
and Runway 05L. However, the LC was aware of planned conversion of 
Runway 05R to Taxiway. Furthermore, the report states that if the 
controllers in the Control Tower had verbally issued ‘progressive 
instructions’ to the flight crew, then it would have enhanced their ability to 
keep track of their position while turning onto the wrong Runway. 
Although, the flight crew were keeping track of changes in the situation of 
task performance through certain means, they failed to adapt CDM involved 
in task performance accordingly.  
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Keeping the Interaction Going  
Prior to aircraft departure from the Airport, the Civil Aeronautics 
Administration (CAA) of Republic of China (ROC) issued NOTAM 
indicating that a portion of the runway 05R was closed due to work in 
progress. At the airport, NOTAMs are issued by Flight Information Service 
station and before publication it is coordinated between Maintenance and 
Engineering Section, Flight Operating System (FOS) and Control Tower. 
The flight crew members were also informed through NOTAM that a 
portion of the Runway 05R was closed and was only available for taxi.  
Hence, related personnel were keeping the interaction going prior to the 
departure and information about the Runway closure was shared between 
them through the NOTAM. 
At the time of aircraft departure from the airport the LC issued takeoff 
clearance along with wind direction. However, at the time of aircraft 
departure from the airport the flight crew members and the controllers in the 
Control Tower did not keep the interaction going with each other. 
Consequently they failed to synchronize their perception which was 
required for undertaking CDM. For instance, the report states that 
information was shared and crosschecked between crew members as the 
taxi progressed, until the most critical point during the taxi from Taxiway 
NP through Taxiway N1 and onto Runway 05R. Also, neither did the flight 
crew request progressive taxi instructions from the LC in the Control Tower 
nor did the latter issue progressive taxi/ground movement instructions to the 
flight crew members. The report states that if the Ground Controller had 
informed the pilots that the controllers could not visually observe their 
movement from the Control Tower, CM1 would have been more aware of 
the aircraft’s location as he then would not have been under the false 
impression that the controllers in the Tower were able to see the aircraft 
movement on the taxiway and were acknowledging his decision to takeoff 
from the Runway.  
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Avoiding Misunderstandings and Surprises 
One of the main factors affecting CDM in this case is the inability of 
collaborating personnel to avoid misunderstanding and surprises. Even 
when the flight crew employed the procedures for undertaking the aircraft 
departure in accordance with the SIA Operations manual, it did not avoid 
misunderstandings and surprises during the aircraft departure. This was 
because at the time of departure, the flight crew members and controllers in 
the Control Tower did not share information and hence could not integrate 
their viewpoints. For instance, the controllers did not share the information 
that they could not visibly monitor the movement of the aircraft on the 
Runway due to poor visibility. So, when CM1 confirmed takeoff clearance 
with the Tower Controller he assumed that they were under visual 
observation   
Also, misunderstandings and surprises could not be avoided as the airport 
infrastructure management did not share the correct information with the 
flight crew members by not lighting the Runway and Taxiways as required.  
Flight crew members CM2 and CM3 also mistook the Runway based on the 
lighting on it. CM2 expected a closed runway to be “black” and have no 
lights, and any work in progress on the aerodrome should have warning 
lights. Similar to CM1 he misinterpreted the saliency of lights leading onto 
Runway 05R. He said the Runway picture was “correct” because the lights 
down the middle of the runway were very bright and there were no visible 
obstructions ahead of the aircraft. The taxi lights led into the Runway and he 
did not notice any other lights or identification signboard or marking. He 
said the visual cues indicated that the aircraft was on an active Runway. 
CM3 also considered Runway 05R to be correct runway because the 
centerline of the runway had bright lights similar to a “typical” runway. 
Since, lighting on Runway 05R did not ‘stick to standard’22 this led to 
                                                     
22
 At the time of the incident, there were a number of items of CKS airport infrastructure 
(lighting on runway and taxiways) that did not meet the level of internationally accepted 
standards and recommended practices, in particular lighting on the Runway, Taxiway 
centerline marking, Runway guard lights and stop bars, guidance signs installed on the left 
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misinterpretation and misunderstandings of flight crew who had a “typical” 
view of an active runway. Hence, the common understanding required for 
undertaking CDM was not established.  
Correlating Actions and Decisions  
Performing the task of aircraft departure from the airport requires 
establishment of orderly connection between actions and decisions of 
personnel from different work units. In the course of manoeuvring the 
aircraft from the parking stand to the runway, actions and decisions taken by 
Ground Controller, Local Controller, and Flight Crew members are 
explicitly correlated. For instance, the flight crew members and Ground 
Controller established this by the former verbally requesting clearance from 
the latter on the telephone who then responds by giving clearance to 
commence taxiing. Consequentially, CM2 acknowledges clearance and 
starts taxiing thereby undertaking CDM. Decision to depart the aircraft from 
the runway emanates from an explicit correlation of multiple decisions of 
different personnel at different points in time during the movement of 
aircraft from the parking stand to the runway. 
Cohering Decision Making  
Decision making involved in departing the aircraft from the Runway is 
taken collaboratively by the controllers in the Control Tower and flight crew 
in the aircraft. Decisions of personnel from both work units are integrated 
through the process of flight crew requesting and receiving clearance from 
the controllers. For instance, after pushback from the parking bay, the flight 
crew requested and received clearance from the Ground Controller in the 
Control Tower to commence taxiing. Also, when the flight crew positioned 
the aircraft on Runway and were ready to takeoff, CM1 instructed CM2 to 
                                                                                                                                       
and right sides of Taxiway, and monitoring mechanisms of airfield lighting system. 
Appropriate attention given to these items could have enhanced the situational awareness 
of flight crew while taxiing to Runway 05L. 
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inform the controllers that they were ready. Then the Tower Controller 
transmitted clearance to takeoff. Thus, decisions made by personnel in both 
work units are brought together through complimentary decision making by 
controllers in Control Tower making decisions in response to flight crew’s 
action and decision.  
Emergent Decision Making 
The flight crew members were under moderate time pressure as they wanted 
to takeoff from the Airport before the typhoon came closer to CKS Airport. 
However, there was no undue organizational pressure from Singapore 
Airlines (SIA) placed upon the crew to takeoff on the evening of the 
accident. CM1 reported that he felt no time pressure on the evening of the 
accident. According to CM1 the crew had sufficient time to complete the 
checklist and prepare for departure. However, the report states that because 
the flight crew tried to avoid the typhoon this hastened their departure 
without appropriate attention to information that would have helped them to 
correctly identify and confirm the correct takeoff runway. Also, the timing 
of receiving clearances from Controllers in the Control Tower gave CM1 
the impression that they were on the correct runway and that the Tower 
Controller could visually observe their position resulting in the decision to 
takeoff.  Here, participation and contribution to CDM by the flight crew 
members and controllers in the Control Tower is not adapted to the 
changing conditions of the situation  
 
Fitness of Information Transmission 
The SIA contract dispatchers gave the flight crew in advance information 
about expected environmental conditions during takeoff from the Runway. 
This was done non-verbally and in standard form with appropriate and 
complete dispatch documents. They also highlighted parts of the operational 
documentation to help summarize important information for the flight crew. 
However, the report states that extracting key information from these 
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documents is difficult because of the format and the flight crew could have 
been unable to detect information about Runway 05R lighting. In addition, 
the dispatcher’s procedure of highlighting information they consider as vital 
could have taken away the flight crew’s attention from the lighting data.  
Verbally exchange of ATC clearance given to the flight crew before aircraft 
departure clearly states that Runway 05L is in use and that Runway 05R 
between N4 and N5 is closed due to work in progress. However, neither 
ATIS nor the Tower Controller provided specific information on the runway 
surface conditions to the flight crew. The Local Controller did not use low 
visibility standard phraseology to inform the flight crew to slow down 
during taxi. The Duty Controller gave only routine instructions to the flight 
crew to move from terminal apron to Runway 05L and did not use the 
standard phraseology to provide progressive instructions to the flight crew. 
Nevertheless, the report states that the flight crew were not mislead during 
takeoff by ATC taxi instructions and takeoff clearance.  
Additionally, from an infrastructure perspective, lack of adequate warnings 
at the entrance of Runway 05R did not provide a potential last minute 
defence to prevent the flight crew from mistakenly entering Runway 05R. 
This is because there are no clear International Civil Aviation Organization 
(ICAO) regulations for placement of warnings on temporarily closed 
runways that are also used for taxi operations.  The green centreline lights 
leading from taxiway onto Runway 05R were more visible than those of 
taxiway centreline lights leading towards Runway 05L because they were 
more densely spaced. Runway guard lights and stop bars were not provided 
at the CKS Airport.  
The report shows that fitness of information transferred to flight crew 
members by other personnel such as SIA dispatchers and controllers in the 
Control Tower was correct in terms of timing of information. However, it 
was incorrect in terms of the form in which information was transferred. For 
instance, information extraction from the operational documents provided 
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by SIA contract dispatchers to the flight crew is difficult. Hence, the 
dispatchers highlight what they consider as vital. But, this diverted flight 
crew’s attention from lighting data. Controllers in the Control Tower on the 
other hand did not use standard phraseology to provide instructions to flight 
crew members. Although, this did not mislead flight crew during takeoff it 
reduced their awareness required for making informed decisions. 
Furthermore, fitness of information provided by the airport infrastructure 
management was incorrect in terms of all three factors of form, medium, 
and timing. For instance, the latter did not place warning signs at the 
entrance of Runway 05R, did not provide runway guard lights and stop-bars, 
and did not provide appropriate lighting arrangement to indicate the correct 
Runway to be used for takeoff. Hence, the fitness of information exchanged 
during task performance was insufficient. Consequently, personnel could 
not align their work activities for undertaking CDM. 
8.4. REFLECTION  
In summation, during aircraft departure from the Runway, CDM was 
undertaken in critical and unanticipated conditions between heterogeneous 
work units with high degree of interdependencies between personnel’s work 
activities. The situation at the time of aircraft departure constrained the 
ability of personnel in establishing the awareness required for undertaking 
CDM. The heterogeneity of work units also influenced their participation 
and contribution in making the takeoff decision. To perform the task of 
aircraft departure, dependencies between work activities necessitates that 
the flight crew members undertake decision making in collaboration with 
others. The mode of participation of in CDM was complimentary with 
entailing actions and decisions being correlated explicitly. However, 
personnel failed to keep track of changes taking place in the work 
environment at the time aircraft departure. They also failed to keep the 
interaction going with each other near takeoff. Furthermore, fitness of 
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information exchanged between personnel was insufficient. While the 
medium and timing of information transferred was appropriate the form was 
not. This in combination with personnel having different perception of 
occurrences in the work environment during aircraft departure resulted in 
them being unable to avoid misunderstandings and surprises which would 
have enabled appropriate participation in CDM.   
The aim of this exercise is to demonstrate the plausible application of the 
theory of CDM developed in this research. The parameters derived from the 
proposition presented in the theory are intended to serve as an analytical tool 
to provide insights into the way personnel undertake CDM in a particular 
work setting. It provides a map of important aspects to consider in a work 
setting in order to comprehend and explain personnel’s behaviour and mode 
of participation in CDM. In this sense the parameters provide a conceptual 
framework for analysing CDM in complex work settings. This appears to be 
a useful framework as it can help sensitise the analysis to key elements in 
work performance. It is at a high-level and open ended thereby allowing 
unique attributes of the studied setting to emerge but this could also be a 
limitation as it requires considerable creative interpretive effort. Moreover, 
the application of the framework was undertaken by its developer which 
could moderate comments about its usefulness. Hence, the usefulness of the 
framework needs to be tested by others. This is yet to be undertaken.  
8.5. SUMMARY 
A conceptual framework is derived from the theory developed in this 
research to analyze the occurrence of CDM in a particular setting. The 
parameters constituting this framework are described along with the related 
propositions presented in the theory. Its application has been demonstrated 
by analysing an aircraft accident report to draw insights about the 
occurrence of CDM during task performance in the air traffic control 
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setting. The parameters structured the analysis by directing the focus on the 
conditions, behavior and contingency factors to be considered. The process 
of analysis is presented along with the insights drawn. Through this, the 
chapter has put forth a plausible application of the theory of CDM 
developed in this research. Also, the limitation of the conceptual framework 
as an analytical tool has been considered.  
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CHAPTER 9 
 
 
CONCLUSION  
9.1. SUMMARY OF RESEARCH 
The purpose of this research is to develop a theory of Collaborative 
Decision Making (CDM) founded on studies of work performance in a real 
world complex setting. The need for such an undertaking arose from the 
disparity identified between the existing theoretical conceptualizations of 
CDM and its occurrence in the real world.  
It was ascertained from the literature reviewed in chapter 2 that the current 
view of CDM is founded on a number of notions. Firstly, decision making is 
generally considered to be a mental process separate from the physical 
actions. However, there is a growing realization for the need to address the 
integrated nature of cognitive processes and physical actions in decision 
making. Secondly, the primary focus of CDM is regarded as decision 
making. Nevertheless, literature stipulates that in the real world, decision 
making is the means to achieving the goals of the undertaken task. Hence, 
the focus of CDM is the latter. Thirdly, CDM is considered to be a process 
of achieving common goals. This view is contested in the literature with the 
argument that in the work settings of the real world goals of personnel 
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participating in CDM can be of different scope and nature. Fourthly, models 
depict CDM as a process of forming consensus which culminates in a 
decision. This stems from the approach taken by studies of CDM which 
consider it to occur at a particular instance, during task performance, 
whereupon a choice of action has to be made. Nonetheless, in the real 
world, decision making is not an isolated activity, but is interlaced with 
other entailing task performance activities. Hence, there is certain 
inconsistency between the theory and practice of CDM in real world 
complex work settings. 
This research aims to address the gap in knowledge and understanding of 
the occurrence of CDM in the real world by addressing the question – how 
do people in a complex heterogeneous working environment make decisions 
collaboratively? The process of answering the question led to the 
development of the theory of CDM presented in this thesis. Taking a 
qualitative approach, the study explored, analysed and conceptualized 
behaviour of personnel operating in their natural work environment in the 
airport Air Traffic Control (ATC) work setting. Theory development was 
founded on Grounded Theory Methodology (GTM). Chapter 3 describes the 
methodology and application of its guiding principles in this study as well 
as the data collection and analysis techniques used. The chapter also 
describes the work setting of the airport in which the field studies informing 
this research were undertaken. The studies focused on developing a deeper 
understanding of the way personnel from different work units undertake 
CDM in the course of performing air traffic control operations. It also aimed 
at constructing a theoretical framework to explain the occurrence of CDM in 
the conditions of a complex work setting.  
In this thesis, analysis of study findings through GTM led to the 
development of the theory of CDM as a process of managing 
interdependencies. The emergence of entailing codes, categories and 
relationships are described in chapters 4, 5 and 6. The theory explains the 
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occurrence of CDM by delineating influential conditions as well as the 
strategies, means and mechanisms employed by personnel to undertake 
CDM in the course of task performance. This theory is centred on the core 
concern of personnel in undertaking CDM which emerged from the findings 
to be managing the dependencies in decision making. The differentiated 
nature of CDM in the cooperative arrangement of complex work settings is 
explicated through the developed theory.  
The findings of this research not only clarify, but also extend our 
understanding of the way CDM is undertaken in the complex work settings 
of the real world. This is described in chapter 7 which discusses the key 
findings in relation to the limitations of existing notions of CDM identified 
in the literature. The discussion of key findings brings forth the need to 
consider the characteristics of cooperative arrangement in complex work 
settings and to take a broader perspective in conceptualizing the occurrence 
of CDM in these settings. Whilst, personnel come together in order to 
jointly make a decision that is agreeable to those involved, CDM is not 
limited to this setup. During task performance in the cooperative work 
arrangement different personnel make different decisions at various 
instances. They contributed to each other’s decision making by providing 
required information, performing necessary actions or making related 
decisions. Hence, CDM also takes place by personnel synchronizing their 
work activities so as to aid each other’s decision making. This requires 
approaching CDM as an activity of making decisions in collaboration with 
others involved in task performance instead of viewing it as personnel 
collaborating with the aim to arrive at a decision. Such a shift in perception 
brings forth the situated and embedded nature of decision making in the 
work activities of task performance. The theory generated in this research is 
then evaluated by providing evidence that it meets the proposed criteria for 
validating a Grounded Theory which includes fit, relevance, workability and 
modifiability.  
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Based on the developed theoretical framework of CDM a list of ten 
parameters is derived which can be applied in conjunction to analyse and 
characterise the occurrence of CDM in a particular setting. This is intended 
to serve as an analytical tool for exploring, understanding and drawing 
insights about the way CDM is undertaken during everyday work activities 
of a complex work setting. Chapter 8 demonstrates the application of these 
parameters to analyse an aircraft accident report and characterise CDM 
occurring in the course of performing the task of aircraft departure from the 
airport. The parameters are found to provide a structure for analysis and a 
set of concepts of explaining the influential conditions and behaviour of 
personnel in undertaking CDM.  
The main contributions of this thesis are demarcated next and its 
significance delineated by presenting the implications of the findings of this 
research in the fields of CSCW, NDM and Decision Theory. The 
contributions are then placed within the limitations of the study. Finally, the 
chapter concludes the thesis with directions for future work.  
9.2. RESEARCH CONTRIBUTIONS AND SIGNIFICANCE  
The contribution and significance of this thesis are primarily in the field of 
Computer Supported Cooperative Work (CSCW) and to some extent in 
Naturalistic Decision Making (NDM). Specifically, the thesis makes two 
main contributions: 
 A theory of CDM as a process of managing interdependencies which 
presents a new take on the occurrence of CDM during work 
performance.  
 A framework for analysing and characterising CDM taking place in 
a complex work setting. 
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The field studies undertaken to inform this research makes certain key 
contributions in the field of CSCW. It contributes to the repertoire of 
workplace studies which are prominent in this field. These are particularly 
useful for extracting descriptions of work performance and its organization 
in a setting. Whilst collaborative work performance has been investigated by 
a number of such studies, those particularly addressing CDM are limited. 
The field studies undertaken to inform this research contribute to narrowing 
the gap. 
Moreover, the existing workplace studies in CSCW are aimed at drawing 
requirements for design and development of technological artefacts to 
facilitate CDM with focus on information sharing through these artefacts. 
Alternatively, the studies of this research have demonstrated the intricacies 
involved in undertaking CDM in the cooperative arrangement of complex 
work settings and help gain a better understanding. It has raised awareness 
about important aspects to consider in the cooperative work arrangement to 
conceptualise the occurrence of CDM in a complex work setting.  Also, 
employing GTM to guide the studies helped to go beyond mere descriptions 
of the way personnel undertake CDM to abstracting concepts from the data. 
The relationships drawn between these concepts constitute the theoretical 
understanding of CDM elicited in this thesis and contribute to the 
development of the conceptual foundation of CDM in the field of CSCW.  
The theory generated through GTM is about a concept which is the ‘core 
variable’ and its related concepts that account for the occurrence of the 
subject of inquiry. The concepts generated through GTM represent social 
patterns identified in the research data. In the theory of CDM developed, the 
‘core variable’ emerged to be managing interdependencies. The social 
patterns involved in CDM were identified in the research data to be centred 
on managing the interdependencies arising between personnel’s work 
activities in the course of task performance. The associated conceptual 
framework presented in chapters 4,5 and 6 explain how CDM is articulated 
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during every day work activities in the process of managing 
interdependencies. In CSCW, while interdependencies is considered to be 
the crux of the cooperative arrangement in complex work settings, studies of 
CDM have overlooked the role of dependencies in decision making. 
Alternatively, this research uncovers the role of dependencies in 
undertaking CDM and makes key contributions to the way CDM is 
perceived in not only the field of CSCW but also in others studying decision 
making. The conceptual framework of CDM presented in this thesis shows 
that interdependencies between work activities of personnel structures 
participation and contribution to decision making in the course of task 
performance resulting in CDM becoming a process of managing 
interdependencies. This is a new perspective on how decision making in a 
cooperative work arrangement become a collaborative act. 
Furthermore, in the field of CSCW, existing research typically explores 
articulation work with respect to collaboration. This thesis contributes to the 
field by demonstrating the nature of articulation work involved in 
undertaking decision making in the cooperative setup of a work setting. This 
research explains that undertaking CDM in the dynamic conditions and 
cooperative arrangement of complex work settings requires establishing 
who does what, where, when and how. Hence, there is a need to address 
how it is articulated in the course of task performance. In doing so, this 
research has revealed that there are varied modes of undertaking CDM. This 
demonstrates that the way personnel undertake CDM is not limited to the 
typical sequential depiction of the process in the field of CSCW based on 
studies of group decision making.  
The typical view in CSCW research is that group members assemble with 
the explicit aim of making a decision that is agreeable to all and the focus is 
on information sharing between group members. Most models depict CDM 
as a sequential process of collaboration leading to a decision which takes 
place at a particular instance when a choice of action has to be made. 
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Alternatively, this research demonstrates that when CDM is undertaken 
during task performance in the conditions of real world complex work 
settings, it is a cumulative activity of actions, interactions and decisions of 
multiple personnel converging at different instances. This is structured by 
the configuration of dependencies arising during task performance. Thus, 
depictions need to extend beyond the sequential model and capture the non-
linear approach as well as the different modes of undertaking CDM 
exhibited in the real world. The conceptual framework of CDM presented in 
this thesis steps from the predominantly existing sequential models 
identified in the literature which present a narrow simplistic depiction. On 
the other hand, this framework has identified important aspects of the 
cooperative work arrangement influencing decision making and the 
intricacies in undertaking decision making in such a collaborative setup. It 
explains the embedded nature of decision making within the ecology of 
social interactions and provides a new lens through which the sociality in 
decision making can be explored. 
The conceptual framework of CDM presented in this thesis demonstrates 
that CDM takes place in a differentiated manner in real world complex work 
setting. In these settings, it occurs in a cooperative arrangement which 
influences the way CDM is undertaken. Hence, the characteristics of this 
arrangement need to be factored in the conceptualizations of CDM. It also 
brings forth the integrated nature of decision making in task performance 
activities. This calls for studies in CSCW to look beyond the means and 
mechanisms of information sharing in CDM and address the larger context 
of this setup. Furthermore, studies in CSCW have refrained from addressing 
decision making directly as it is considered to be the realm of cognitive 
science. This thesis has demonstrated how decision making can be a direct 
subject of study in a field that primarily focuses on the social processes in 
work performance. In doing so, it has developed a conceptual framework of 
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CDM from CSCW perspective that expounds the influence of social 
arrangement of complex work settings on decision making.  
Furthermore, this research holds significance in the field of NDM as it also 
investigates decision making in the natural setting of the real world. The 
difference however is in the approach taken to the investigation. NDM 
research focusses on the cognitive aspects of decision making whereas this 
research addresses the sociality involved.  Although not directly addressed 
as CDM, studies in NDM investigate decision making in teams. The focus 
here is on ‘sharedness’ of individual cognition which is captured in concepts 
such as shared situation awareness and shared mental models. According to 
these notions, communication between team members is aimed at sharing 
information to establish a collective understanding of the situation of task 
performance and similarity of member’s declarative, procedural and 
strategic knowledge. Based on this understanding, team members assess the 
situation of task performance and decide the course of. Such a perception 
led to collective decision making in a team to be considered as a variant of 
individual decision making. 
Nevertheless, the perception has shifted with the realization that members 
do not work autonomously in complex work settings, but are dependent on 
each other, which requires them to cooperate with others in the team. Whilst 
the need to explore decision making in the social context of complex work 
settings is acknowledged in the field, studies addressing this need are 
limited. This research addresses the gap and provides a new approach for 
NDM studies to include the sociality involved in decision making. The 
theory of CDM developed in this research addresses the social structure 
between personnel involved in task performance through the dependencies 
between their work activities. Although, NDM research considers team 
members to be interdependent in their work activities, the role of 
interdependencies in decision making has not been explored. Alternatively, 
the theory developed in this research explains how decision making is 
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organized across personnel undertaking tasks in the process of managing the 
dependencies between their work activities. By incorporating the notions 
put forth by this theory in studies of NDM, decision making can be explored 
in a wider social context. Furthermore, the theoretical framework developed 
in this research can be employed as an analytical lens through which studies 
in NDM can explicate the way personnel articulate decision making in a 
naturalistic work environment.  
9.3. LIMITATIONS OF STUDY 
Three main limitations can be identified. Firstly, this research addresses the 
sociality of decision making. In this sense, the limitation of the study is that 
it concentrates on the actions and interactions between personnel involved 
in task performance and the cooperative work arrangement in which it is 
performed. Consequentially, the cognitive processes involved in CDM are 
overlooked. Whilst the findings bring forth the interleaved nature of 
decision making and collaborative activities, the focus is on social processes 
and entailing cognitive processes are not addressed. 
Secondly, this research takes a qualitative approach as described in chapter 
3. Associated field studies were undertaken in a domain which was viewed 
to be representative of complex work settings. The study was undertaken in 
the setting of two work units in an airport – Control Tower and Operations 
Centre. Work performance of personnel from other work units was studied 
in relation to the work activities taking place in these two centres of 
operation. This limits the findings towards the concerns of personnel and 
work activities taking place in these two centres. The study could have 
benefited from incorporating perspectives from other related work units 
involved in airport ATC operations. 
Qualitative data are considered to be less precise than that collected through 
quantitative methods. This is because data collected through qualitative 
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methods such as field studies, particularly steered by GTM, which 
advocates ‘emergence’, does not control the variables studied in the setting. 
Nevertheless, such an approach is particularly suitable for obtaining a fresh 
perspective on work performance in a natural work setting by not restricting 
studies to preconceived notions and variables to be addressed. This enables 
a comprehensive study on the occurrence of CDM during everyday work 
activities by considering a wide range of factors and concerns that arise in 
the context of natural work settings. The third limitation here is the issue of 
generalizability that arises with any qualitative research. In this research, 
data collection and analysis is founded on GTM. The emerging theory is 
based on field studies undertaken from one particular airport setting (known 
as ‘substantive’ case in GTM) and is considered to be a ‘substantive theory’. 
For the theory to become generalizable, a ‘formal theory’ needs to be 
generated through comparative analysis of different kind of substantive 
cases.  
9.4. DIRECTIONS FOR FUTURE RESEARCH 
There are a number of avenues for furthering this research work. Directions 
for future research are derived from the three elements of work presented in 
this thesis: approach taken towards investigating CDM, number and range 
of settings examined in developing the theory, and validating and refining 
the analytical framework of CDM. Existing studies typically address either 
the cognitive or social aspects even though both are interleaved in 
undertaking CDM. Whilst this research contends the need to address both 
aspects in conjunction, it focuses on the sociality of decision making. 
Hence, further research needs to be carried out to extend the theory 
presented in this thesis to include the cognitive aspects of decision making. 
A new approach to perceiving CDM is presented in this thesis and is a first 
undertaking to conceptualise it as a process of managing interdependencies. 
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However, this theory is founded on studies of a particular work setting. 
Comparable studies can be carried out in other complex work settings to 
explore similarities and differences in articulating CDM. This would 
strengthen and extend the constructs comprising the ‘substantive theory’ of 
CDM presented in this thesis and contribute to developing a ‘formal theory’. 
A possible direction would be to study CDM in the complex work setting of 
a different domain such as a hospital or business organization. This could 
also include wider and diverse work units in the setting. Further research 
can also validate the theory of CDM presented in this thesis through 
quantitative methods. The findings of this study can be verified or falsified 
through quantitative studies by drawing hypothesis from the relationships 
between constructs presented in the theory. 
The applicability of the analytical framework developed from the theory of 
CDM was evaluated by its developer. Further validation needs to be 
undertaken by other researchers and practitioners in the field to evaluate its 
usability and usefulness in analysing CDM in a complex work setting. Also, 
its suitability as an analytical tool to inform the design and development of 
technology aimed at facilitating CDM is yet to be explored. Hence, there is 
much scope for furthering this research work. 
9.5. CONCLUDING REMARKS 
The aim of this research was to gain a deeper understanding of the 
occurrence of CDM in complex work settings. The exploration has brought 
forth the differentiated nature of the way CDM is undertaken in the 
cooperative arrangement of these settings.  
The theory of CDM developed through this research explains how decision 
making is articulated during everyday work activities in the process of 
managing the interdependencies arising during task performance. It explains 
the embedded nature of decision making within the ecology of social 
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interactions and provides a lens through which the sociality in decision 
making can be explored. Moreover, the findings of this research have not 
only clarified existing notions but also extended our understanding of the 
way personnel undertake CDM in complex work settings. 
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APPENDIX 1  
WORK UNITS, WORK ACTIVITIES AND 
TECHNOLOGICAL ARTEFACTS 
INVOLVED IN AIRPORT ATC 
OPERATIONS 
Work activities involved in ATC operations at the Airport is distributed 
among various work units, each of which is responsible for particular 
aspects of the work process. This creates clear division and organization 
of work activities among personnel operating in different work units, 
and allows for clear distinction of actions and decisions that can be 
taken by these personnel. The work activities are supported by various 
technologies and artefacts which act as information representation, 
communication and coordination devices which assist both individual 
and collective work of personnel.  Also, some of the artefacts are 
interconnected with information from one artefact being passed onto 
another.  
Control Tower 
The Control Tower is located near the runway and is higher than all the 
other buildings in the airport (Figure 1). It is surrounded with glass 
windows to allow visual surveillance of the surrounding area, both on 
land and airspace.  
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Figure 1 Luton Airport Control Tower 
Personnel working in the Control Tower are air traffic controllers who 
are responsible for controlling aircraft movement from ground level at 
the Airport up to 2500 feet in air and 2.0-2.5 nautical miles surrounding 
the Airport. Their primary function is to maintain safety of aircraft and 
efficiency of traffic movement in and around the airport by giving 
instructions and providing information through radio to the Pilots. 
Besides issuing instructions they are also responsible for recording 
information related to traffic management, problems encountered 
during work activities, and changes in environmental conditions. 
Further, they issue clearance and guide other vehicles that need to use 
the taxiway, runway, and some of the Apron areas.  
There are three air traffic controller positions in the Control Tower: 
Tower Controller (TC), Ground Controller (GC), and Ground Planner 
(GP) (Figure 2, Figure 3). Each controller is responsible for particular 
aspects of aircraft movement. Besides the three controllers, there is 
another position called as the Assistant.  
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Figure 2 Arrangement of Personnel Working in the Control Tower 
The primary function of the Assistant is to ensure that safety of the 
aircraft is maintained by providing information about arriving and 
departing aircraft to the controllers in the Control Tower by printing 
them on the FPS. The Assistant has to coordinate various activities with 
other agencies in the airport such as the accident services, maintenance 
services, weather office, operations centre, approach control, aircraft 
pilots, and accounts department. The Assistant plays a supporting role 
and does not hold the responsibility of controlling aircraft movement.  
 
             
 
 
Figure 3 Air Traffic Controllers  in the Control Tower 
The Tower Controller (TC) controls the movement of departing and 
arriving aircraft on the runway and airspace surrounding the airport. 
Their main role is to issue clearance and instructions to aircraft pilots 
during take-off and landing on the runway, and to ground vehicles 
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requiring movement on the runway. TC in required to liaise with the GC 
in the Control Tower and controllers at the LTCC to control movement 
of aircraft during landing and departing on the runway.  
The role of the Ground Controller (GC) is to control the aircraft and 
other vehicle movement on the Taxiways and Apron area. They issue 
clearance and instructions to arriving and departing aircraft during their 
movement between the stand in the Apron area and the Runway as well 
as to ground vehicles requiring movement on the Taxiways. The Ground 
Planner (GP) is positioned next to the GC and is the first point of 
contact for pilots of departing aircraft. GP position is active in the 
Control Tower only during peak hours in the morning, between 6.30 
a.m. and 8.30 a.m., to assist the GC to plan and execute the departure 
sequence. 
The Assistant, TC, and GC are equipped with various information 
representation and dissemination artefacts that help them to conduct 
their work. Some of the artefacts are for individual purpose,  while some 
are jointly used by the people working in the Control Room such as the 
Flight Progress Strip (FPS), Ground Radar, and Weather Report.  
One of the main systems required for performing the Assistant’s role is 
the Copperchase ATIS (Air Traffic Information System) computer 
system (Figure 4). This system provides applications to perform various 
functions. The applications provided in the computer system allow the 
Assistant to perform various functions for recording aircraft arrival and 
departure information and weather information, printing FPS and 
weather report, communicating with other airports, airport authority and 
the billing department. 
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AMOS Flight Schedule Window 
 
Touch Screen Telephone 
 
Aircraft Flight Display Information 
System (AFDIS) 
 
Omni Crash Telephone 
Figure 4 Artefacts Assisting Control Tower Operations 
One of the roles of the Assistant is to make routine weather 
observations and enter the information (time the observation was made, 
wind speed, wind direction, visibility, cloud density, temperature 
around the airport, and air pressure) into the Weather Editor of the 
Copperchase ATIS computer system (Figure 5). This is a software 
application through which weather information is sent to the Tower 
Controller in the Control Tower, Weather Office, LTCC, Operations 
Centre, and other aircraft through ATIS frequency. In order to make 
these weather measurements the Assistant is provided with various 
other tools such as the Digital Temperature Indicator, Cloud Base 
Recorder, Air Pressure Indicator, and Wind Speed Indicator. 
Information obtained from these artefacts has to be entered into the 
Copperchase Weather Editor (Figure 5). The Met office also sends the 
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weather forecast report every six hours directly to the printer at the 
Assistant’s desk. The Assistant then has to place it near the TC from 
where both controllers can access it.  
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Figure 5 Weather Observation Systems 
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Another important function facilitated by Copperchase ATIS system is 
that the flight information required by the controllers in the Control 
Tower is sent to this system from the central flight information 
database. The Assistant prints the information on the FPS, places it in a 
strip holder, and hands it over to the TC and GC in the Control Tower. 
The stand information for arriving and departing aircraft is sent from 
the Operations Centre to this system (Flight Schedule Window) from 
where the Assistant view it and then writes this information by hand on 
the FPS before giving it to the controllers. The Assistant also uses the 
Flight Schedule Window to send aircraft arrival and departure 
information to the Accounts Department. Once the controllers have 
finished utilizing the FPS they are thrown into a blue box place on the 
floor. The Assistant periodically takes these strips and enters the 
information represented (e.g. parking stand number, SID) in them into 
the Flight Schedule Window of Copperchase ATIS system which is then 
sent to the Accounts Department. The Message Editor of Copperchase 
ATIS system is used to send messages to various personnel at the 
Airport and to other airports. 
The Aircraft Flight Display System (AFDS) is used to edit flight strips, 
create new strips, reprint strip, change the list of strips displayed, 
change the colour code of the displayed strips, set the status of the 
flight strips to ‘delay’, ‘active’, ‘cleared too take-off’, and ‘air-borne’. 
This system is used to set the status of departing aircraft in coordination 
with the actions taken by the GC. The Assistant is also provided with a 
speed dial panel for telephone numbers to reduce the time taken to dial 
the numbers of people who have to be contacted frequently.  
The main artefacts used by the Tower Controller (TC) (Figure 6) in the 
Control Tower are the Flight Progress Strip (FPS), Blocking Strips, 
Aerodrome Radar, Wind Speed Indicator, Visibility Indicator, and 
AFTN Communication Network. The FPS represents movement of 
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aircraft and ground vehicles on the Runway and Taxiways. The 
Aerodrome Radar is used to represent and view movement of aircraft in 
the airspace surrounding the airport. The TC uses the AFTN 
communication screen to talk to personnel from other work 
communities particularly the Radar Controller at the Approach Control 
to arrange for gaps between incoming aircraft in order to be able to 
depart aircraft out of the Airport. The Visibility Indicator is used give 
Runway visual range information to incoming aircraft Pilots during 
poor visibility and to make decisions about lighting on the Runway and 
Taxiways. The Wind Speed Indicator is used to give surface wind speed 
information to the Pilots of landing aircraft. 
The Ground Controller (GC) is equipped with various artefacts (Figure 
7) to control the movement of aircraft from the standing gate to the 
Taxiway and movement of other ground vehicles in the Apron area. The 
Departure Slot Monitor provides information  about aircraft departing 
from the Airport so that the GC can schedule departing aircraft traffic. 
The information arrives from the host computer at London Area 
Terminal Control Centre (LATCC). Aeronautical Fixed 
Telecommunication Network (AFTN) is the linking communication 
system through which information is exchanged between the various 
agencies involved in ATC. The Lighting Panel is used to control 
lighting on the taxiways and runway. This is used by the GC during 
poor visibility and to give aircraft and ground vehicle routes by 
highlighting Taxiway routes. The Lighting Display is connected to the 
Lighting Panel and reflects the lights selected on the runway and 
taxiways. The arrangement of FPS on the Strip Holding Bay reflects the 
movement of aircraft between the taxiways and the stand. Besides the 
FPS strips used for departing and arriving aircraft, the GC also uses 
various blocking strips to represent other actions such as the ground 
vehicle and helicopter movement. 
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Movement of FPS on Strip Holding Bay Representing Movement of 
Incoming and Outgoing Aircraft 
 
Runway and Taxiway during Poor Visibility-View from the Control Tower 
Figure 6 Artefacts Used by Tower Controller in the Control Tower 
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Complete View of Artefacts Used by Ground Controller in the Control 
Tower 
Figure 7 Artefacts Used by Ground Controller in the Control Tower 
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During the third phase of studies, the FPS were changed to Electronic 
Flight Progress Strips (EFPS) at Luton and Heathrow airports. Hence, 
this phase of the study was intended to be conducted only at the 
Operations Centre at the airport but because of the move to EFPS in 
both Control Tower and Operations Centre and the interrelation 
between systems used at both centres,  studies were conducted at the 
Control Tower to study the use of EFPS by the controllers to carry out 
their operations.  
The Electronic Flight Progress Strip (EFPS) is a computer system 
designed to replace FPS holding bay on the controller’s table. The 
screen is designed to replicate the layout of the holding bay and is 
divided into three columns vertically with each column divided into two 
horizontally. The information in the EFPS arrives directly from the 
central database at the LTCC. The EFPS gives air traffic information in 
the form of flight strips displayed on the screen for 40 min traffic and 4 
hour traffic. Besides updating the aircraft departing and arriving aircraft 
slot time instantly, EFPS also contains weather forecast information 
which is updated every half hour and status of air traffic.  
All new strips being generated get ordered bottom up on the display. 
The controllers can physically change the order. The strips are colour 
coded for departing and arriving aircraft just like the paper strips and 
includes colour codes for setting reminders and blocking strips. 
However, the choice of colours is limited and there is a high chance of 
more than one strip having the same colour.  
Before the move to EFPS the TC could turn and look at the arrangement 
in the strip holding bay on the GC’s table. However, with the new 
layout the GC is positioned higher than the TC and GC’s EFPS system 
is not within the visual range of the TC. The GC on the other hand has 
an advantage to look down at the strip arrangement on TC’s EFPS 
system. The GC and GP each have their own EFPS system. The 
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working of personnel in the Control Tower with the EFPS system was 
studies only with respect to how their interaction with other personnel 
is mediated by EFPS system. 
Operations Centre 
In the airport, the Operations Centre (Figure 8) is located next to the 
Control Tower and Apron area. It was set up to integrate various 
operational facilities such as apron management and control, security, 
public information services, and passenger transportation into a single 
facility to improve operational services. These facilities until then were 
distributed around the Airport and had been operating separately, 
leading to various problems in communication between them. The 
physical distance slowed information flow as they relied only on 
telephone for communication between them. Bringing personnel from 
different work units together into one facility made managing 
operational functions simple and easier.  
The Operations Centre is an important control centre, which is 
responsible for various functions involved in day-to-day operations in 
the Airport. They consider themselves to be the “information hub”23 of 
the Airport as any information related to ATC arriving and transmitted 
from the airport has to go through them. They monitor all airport 
activities on the terminal side, airside, and landside as well as 
coordinate the activities of the various agencies in the Airport.  
There are three positions in the Operations Centre: Assistant, Arrivals 
Controller, and Departure Controller. All operations controllers have the 
same expertise. During the day there are three controllers working in 
the Operations Centre and in the night it is staffed by two controllers.  
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Figure 8 Operations Centre
24
 
The Assistant is positioned at the switch board position. Their primary 
functions is to receive information and pass it to concerned people 
within the airport and outside, answer queries about airport operations 
both from the general public and people operating in the airport, and 
maintain records of day-to-day events occurring in the airport. They 
perform various other functions in the Operations Centre such as 
updating weather information, attending to customer complaints, 
assisting controllers in the arrivals and departures position, managing 
access control, coordinating with security and emergency services, 
manage access, fire, and security control systems, updating information 
to be displayed in the airport website, make boarding calls, security 
messages, and ad hoc announcements for passengers in the terminal. 
                                                     
24 http://guohengiv.com/business_airports_luton.htm 
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Unlike the role of the Assistant in the Control Tower, the Assistant in 
the Operations Centre is also a controller. So, they take on the 
controller role when they shift to the positions of Arrivals Controller or 
Departure Controller.  
The Arrivals Controller (AC) working in the arrivals position is mainly 
concerned with allocating the parking stand for inbound aircraft.  
Another responsibility of AC is to record information about aircraft 
flight status, such as aircraft estimated and actual landing time, flight 
cancellation, technical problems, change in aircraft, and delay. This 
information is required by the airport management, accounts 
department for billing, and for displaying information in the Airport 
terminal.  
The Departure Controller (DC) is positioned in the departures section 
and manages the preparation required for departing aircraft such as 
checking the departure slot, verifying aircraft is departing on time, and 
updating information about stand occupancy. DC is responsible for 
recording the estimated and actual aircraft departure time in a computer 
system which will be used for billing and displaying flight information 
in the displays located in the Airport terminal. Another responsibili ty of 
DC is to coordinate with ground staff and handling agents for 
movement of aircraft in the Apron area. 
The Operations Centre is facilitated with a number of technological 
artefacts. When the researcher obtained permission to conduct the field 
studies in the Operations Centre she was not granted permission to take 
photographs. Hence, in this section, description of the tools utilised by 
personnel functioning in the Operations Centre cannot be illustrated 
through pictures obtained from the field.  
There are some tools that are used in common between personnel in the 
Operations Centre, such as, the Radio, CCTV displays, Stand Plan, 
Maps of the Airport, Visibility Indicator, and Aerodrome Radar. Stand 
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Plan is printed from the Chrome stand planning software.  There is a 
glass film on top of the paper on which the controllers can write 
information about aircraft departing from the parking stand and arriving 
to the parking stand. Radio on which the controllers in the Operations 
Centre listen to “ground frequency” (radio frequency on which ground 
staff communicate) to know when aircraft pushback and can also listen 
to conversation between controllers in the Control Tower and ground 
vehicle drivers. 
The fire control system and security system are the big display screens 
behind the desk which are being constantly monitored by the Assistant. 
Aerodrome Radar is placed between the AC and DC so that they both 
can monitor the movement of air traffic in the airspace around the 
Airport. Since, the Operations Centre is in an enclosed building, in 
order to help the controllers monitor occurrences at different places in 
the Airport CCTV displays present information from various cameras 
installed at various locations in the Airport. The controllers also use a 
weather monitoring system which presents readings taken from the 
runway so that they can make decisions to deal with weather changes 
such as anti-icing and de-icing in winter months.  
Because the Assistant performs diverse functions, he/she is supported 
with various artefacts.  The main tasks to be performed by the Assistant 
is answering queries through telephone, recording day-to-day actions25 
taking place in the Airport, and passing required information to 
personnel. The fire control system and security system screens are the 
big display screens behind the desk which are being constantly 
monitored by the Assistant. In case any problem arises in relation to 
these two, the Assistant uses a system called “Mission Mode” which 
can be used to activate various messages and sent to those personnel 
                                                     
25 Example: Passenger figures, fire arms tested, primitive road, low visibility, strong 
wind warning, spill, track open, broken down vehicle, etc. 
 284 
who need to know about it through the internet. It is used a day-to-day 
activity log and a notification system. Personnel will receive a text 
message, or a voice mail call, phone call or email depending on their 
preferences. The Assistant monitors the CCTV screens and handles 
phone calls from personnel from other work communities such as the 
Airlines, Handling Agents, Airport Operations Management, and IT 
support. The Assistant also carries out stand planning and any changes 
that have to be made to previously made plans by using the Chrome 
Stand Planning Software package. The AVIVOx (Artifical Voice Works) 
is used to make announcements in the terminal area.  
The Arrivals Controller (AC) has to manually enter information about 
incoming flights into the AMOSS system. The required flight 
information is sent to the Operations Centre by the Airline Handling 
Agents through e-mail or fax. The AC also refers to the EFPS to enter 
aircraft information to be sent to the accounts department for billing 
airlines for the use of Airport facilities. The AC moves between the 
EFPS and AMOS system during task performance by using information 
presented in EFPS system to manually updating information (e.g. 
landing time and estimated arrival times) in the AMOSS system, which 
is then reflected in the information displays in the Airport terminal area. 
The AC also listens to the ground frequency on Radio and updates 
information in the EFPS which is then reflected in the EFPS system in 
the Control Tower. The AC also visually monitors the Aerodrome 
Radar. 
The GC has to enter the stand number for arriving aircraft into the 
AMOS flight information system by referring to the stand plan and 
changes made on the glass surface on top of the printed paper stand 
plan. The GC enters the time of departing aircraft pushback from the 
stand into the AMOSS system. This is reflected in the AMOSS flight 
information system in the Control Tower. The GC also enters aircraft 
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departure time in the system which gets reflected in the information 
displays in the Airport terminal area.  
The Information Technology systems used in the Operations Centre are 
linked. For example, EFPS and AMOSS, Chrome – AMOSS, AMOSS-
Flight Information Displays. This is because information is being 
constantly updated as events take place in the work environment.  
Other Work Communities 
Besides the above mentioned work communities personnel from other 
work communities involved in ATC operations at the Airport were also 
studied. They are the London Terminal Control Centre (LTCC), Pilots, 
Airlines, Handling Agents, Maintenance Engineers, and Ground Service 
Agents. However, the activities of people belonging to these work 
communities were studied only in relation to the operations being 
undertaken by the Control Tower and Operations Centre.  
• The London Terminal Control Centre (LTCC) is one of the two 
control centres from where NATS provides air traffic control services to 
flights flying in UK Flight Information Regions (FIR). The sectors 
controlled by LTCC are divided into three types: Terminal Sectors, 
Approach Sectors, and En-Route Sectors all of which fall under the 
LTMA. Each of the divisions consists of a number of sectors as shown 
in (Figure 9).   
Air traffic controllers working in the sectors of these divisions are 
responsible for controlling and guiding air traffic arriving and departing 
from six London airports including Luton Airport. The Terminal Sectors 
consist of three controllers: Radar Controller (RC), Coordinator, and 
Assistant. RC is responsible for air traffic movement in the respective 
sector and arranges the sequences of air traffic flowing into and out of 
London airports in the airspace of the sector. The role of the 
Coordinator is to assist the RC by arranging the Flight Progress Strips 
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(FPS) and liaise with other sectors and units, while the Assistant 
provides assistance with flight information, operating computer 
systems, and prepares the FPS for the controllers. 
 
 
Figure 9 LTCC Sectors and Controllers 
The air traffic controllers (Radar Controller and Director) of the 
Approach Control sequence and guide air traffic approaching the 
London airports to order them for landing at the airport. Radar 
Controller is responsible for the initial approach sequence while the 
Director is responsible for the final approach sequence. They also 
manage some of the departing aircraft from the airport that might 
conflict with the approaching air traffic.  
A number of en-route sectors also are under the responsibility of LTCC. 
These sectors are the lower level of the airspace and above the LTMA 
and are divided into three: TC East, TC Midlands, and TC Capital. The 
controllers responsible for TC Midlands besides guiding air traffic in 
the airways also have to interact with controllers in the Control Tower 
of the Airport and Pilots of aircraft departing from the airport.  
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• The Pilot arriving and departing aircraft has to perform various 
checks before landing and take-off. The Pilots flying the aircraft are 
required to communicate with the air traffic controllers during the 
various phases of flight from the source to the destination airport.  
• Every aircraft using Luton Airport services has a Handling Agent 
to which the airlines subcontracts ground handling of its aircraft at the 
airport. The Handling Agents take care of the service requirements for 
the aircraft at the airport. In Luton airport, the Handling Agents have to 
collaborate with personnel in the Operations Centre to perform their 
services such as maintenance of aircraft, filing the flight plan, and delay 
in aircraft departure.  
• There are two types of Engineers at the Airport: Air Traffic 
Control Engineer and Aircraft Maintenance Engineer. The former are 
employed by NATS and are responsible for correct functioning of 
equipment installed by NATS at the airport. They are located near the 
Control Tower in the Airport and provide maintenance services such as 
installation of new systems, maintenance and repair of equipment and 
computer systems in the airport including the Control Tower and 
Operations Centre. On the other hand the Aircraft Maintenance 
Engineers employed by the airlines are responsible for maintenance of 
aircraft in the Airport.  
• The Ground Service Agents are personnel operating on the 
ground area. They include people such as Ramp Agents who perform 
various functions on the airport ramp like pushback for departing 
aircraft from the terminal gate, guiding arrival aircraft with hand 
signals and flash lights to position it in the gate, chock the wheels of the 
plane after it halts, and guiding jetbridge to the aircraft door, towing 
aircraft on the airport to and from the gate and parking area, and 
baggage handling. Besides these, there are various emergency services 
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operating in the airport such as the fire station, security, and medical 
services. 
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APPENDIX 2  
EXAMPLE PLANNED PROBES FOR 
CONDUCTING INTERVIEWS 
WORK ORIENTED GENERAL QUESTIONS 
 Role and responsibility of people. 
 Tasks performed.  
 Work process/sequence of activities. 
 Critical tasks/work activities. 
 Means and mechanisms of interaction with other people within the 
Control Tower and outside.  
 Requirements arising during task performance. 
 Decisions made during task performance. 
 
DIVERSITY OF WORK COMMUNITIES 
 See how diverse are the work communities under observation – 
goals, work practices, technological arrangements, what information 
is used, why, and how. 
 How much of an understanding do people have of each other’s work. 
COMMON INFORMATION 
 Look at what information is common to different work communities. 
 How different actors in each community view it. 
 How they adapt it to their work, how it is put to use, made 
meaningful to their use. 
 Are there different views or representations for the same information 
for different communities. 
 If there are same representations how it is perceived in different 
work communities. 
 Artefacts used to place information in common, their characteristics, 
purpose, function, purpose served. 
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 What changes are made to the information? How it affects people’s 
work. 
COMMON INTERPRETATION 
 How familiar are they with each other’s work. 
 Work practices to establish common interpretation. 
 Limitations / obstacles in achieving common interpretation. Issues 
that arise because of the heterogeneity . 
 How is it achieved under different situations. 
 Check if there are misinterpretation instances for information shared 
through common artefacts. 
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APPENDIX 3  
EXAMPLE FIELD NOTE OF 
OBSERVATION DATA 
 
 
 
  
Complex scenario for Tower Controller 
Two a/c inbound for runway 26 (that will land, turn, and backtrack if 
required vacate on Bravo) 
Gulfstream being towed by Signature Tug from stand 16 or Signature hangar 
to Compass Bay. 
The tug was cleared to hold at B1 and “be ready to move as soon as 
requested” 
The first arrival (and EZY) was cleared to land and hold on runway. Mel 
hoped that they would stop short of the Bravo exit, though, didn’t 
communicate this to a/c. 
The EZY did stop short of B; Tug cleared to Compass Swing Base; a/c 
cleared to vacate and second arrival clear to land. 
 
 
 
Taxiing 
Gulfstream 
Compass swing 
base 
Arriving a/c 
vacating on 
Bravo 
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APPENDIX 4  
TRANSCRIPT OF SEMI-STRUCTURED 
INTERVIEW CONDUCTED WITH THE 
TOWER CONTROLLER IN THE 
CONTROL TOWER  
  
I Can you tell me what the role of the Tower Controller is?  
TC The role of the Tower Controller is to look after the runway and 
aircraft that are flying in the local area. So the Tower Controller 
will get the aircraft from the Ground Controller and fit them 
into an inbound pattern by requesting gaps from the Approach 
over the telephone and that’s the case of looking over the 
Ground Controller and see what traffic they have in order to 
prepare the gaps in time by phoning the RADAR controller. 
Then integrating the outbounds with the inbounds, launching 
them on the runway, taking the inbounds landing on the 
runway and handing them over to the ground as soon as the 
inbounds are ready to clear the runway. Anything that is flying 
over the airfield and the approach cant get through effectively 
and quickly, they might hand over to us, they might just be 
transit traffic… helicopters, they might say to us I’ve got 
helicopters going to the North, I have a whole string of 
inbounds can you get them through the Approach? We can look 
out of the window, we can put aircraft a lot close together, 
push things a lot tighter than Approach can on RADAR. So we 
keep things running, watch them cross and then clear things. 
And also the Tower Controller will work the aircraft that are 
departing here, just light aircraft that will be going out through 
one of the traffic lanes. 
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APPENDIX 5  
SNAPSHOT OF CODING IN ATLASTI 
SOFTWARE 
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APPENDIX 6  
ILLUSTRATION OF OPEN CODING 
UNDERTAKEN DURING DATA 
ANALYSIS 
 
Selected Quotation 
______________________________________________________________________ 
 
File:  [C:\NALLINI\RESEARCH\DATA\DATA ANALYSIS...\2_Families (categories) their properties & 
relationships.hpr5] 
 P 4: FieldInterview_1.rtf - 4:4 [This is the Aerodrome Radar. I..]  (16:16)   (Super) 
 Interview with Ground Controller (GC) in Control Tower 
______________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Artefact for 
Information 
Representation 
and Transfer 
• Awareness 
Created by Visual 
Observation 
• Information 
Artefact Helping 
to Assess 
Situation 
• Anticipating 
Future Events 
• Anticipating 
Other’s 
Requirements 
• Catering to 
Other’s 
Requirements 
Codes Interview Transcript 
Starts with an overview of the systems used 
in the ground controller position. This is the 
Aerodrome Radar. It is controlled from the 
tower position. So I don’t have any direct 
control over this. What I use it for is to have 
an awareness of what the inbound traffic is 
going to be like. I can also do that by 
glancing across to the tower desk to see 
what strips are there. What it would be 
basically is see what traffic was building 
up…let the Air Position know what time he 
is pushing so that he can anticipate it and 
call the Radar for gaps, to arrange gaps. 
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APPENDIX 7  
ILLUSTRATION OF CODES FORMING A 
CATEGORY MODELLED IN ATLAS.TI 
SOFTWARE 
 
 
 
 
 
 
 
 
 
 
 
  
  
Category 
Codes 
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APPENDIX 8  
SNAPSHOT OF MODELLING 
RELATIONSHIPS BETWEEN 
CATEGORIES IN ATLASTI SOFTWARE 
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APPENDIX 9  
SNAPSHOT OF MEMO WRITING IN 
ATLAS.TI 
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APPENDIX 10  
MEMO_SITUATED TASK 
PERFORMANCE 
HU: 3_categories their properties & relationships_only across communities 
File:  [C:\NALLINI\RESEARCH\DATA\...\3_categories their properties & 
relationships_only across communities.hpr5] 
 
MEMO: ME - Situated Task Performance  
Type: Theory 
Text highlighted in bold: Codes 
Text within speech marks: in-vivo codes 
 
The work environment is dynamic which leads to changes in situations. 
Communication, coordination, and decision making involved in undertaking tasks 
depends on the situation in which the task is performed. Hence, task performance is 
"situated" - i.e. "It purely depends on the Situation".  
 
The different kinds of situations encountered are – Anticipated, Unanticipated, 
Critical and Non-Critical.  
 
Besides, the intensity of work load to be handled during task performance also 
changes in the dynamic work environment with respect to the situation to be 
handled. This adds another dimension to the context - Low Intensity, Medium 
Intensity, and High Intensity. The way work activities are conducted changes with 
the intensity of workload.  
 
This is reflected in the concepts 
 "less thinking time" during high workload 
 "operating in a different mode" during high workload 
 Increased concentration during high workload 
 Increased instruction transmission during high workload 
 
The intensity of workload and criticality of situation affects the time available to 
perform the actions and activities involved in undertaking tasks. This is reflected in 
the concepts 
 "quick coordination" 
 "thinking quickly " 
 "changing the plan quickly" 
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APPENDIX 11  
FLYER CREATED AND USED TO 
INFORM STUDIED PERSONNEL 
DURING DATA COLLECTION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
                               ATC Research at Middlesex 
The Project 
Researchers from the School of Computing Science at Middlesex University are conducting a study in 
collaboration with NATS to understand the ways that tower staff are able to coordinate their activities with 
one another. The current focus of this study will be the Tower at Luton Airport. 
One motivation for the study will be to inform the design of future ATC technology, with the aim of 
ensuring that new tools support rather than upset the ways that controllers are able to maintain an 
awareness of colleagues’ work and coordinate their own tasks with those of others. 
For the study we are making a series of visits to the Luton Tower to observe controllers’ and assistants’ 
activities and to find out more about how coordination between people takes place. So you are likely to see 
us around in the tower over the next few weeks. 
We welcome your help in this study, but should make it clear that participation is voluntary and you should 
feel free to decline to be observed or interviewed. The notes that we make and any other data we collect 
will remain confidential and anonymous. Participants’ identities will not be revealed to anyone outside the 
Middlesex research team. 
The Team 
The interdisciplinary research team possesses a range of expertise from Computer Science, Psychology, 
Human Factors and the Social Sciences, and has conducted research in ATC and aviation human factors for 
over a decade. The members involved in this work are: 
Nallini Selvaraj (n.selvaraj@mdx.ac.uk) 
Bob Fields (b.fields@mdx.ac.uk) 
Paola Amaldi (p.amaldi-trillo@mdx.ac.uk) 
Contact 
For more information contact Nallini Selvaraj (n.selvaraj@mdx.ac.uk) or visit the web site of our research 
group, the Interaction Design Centre: 
http://www.cs.mdx.ac.uk/research/idc/ 
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APPENDIX 12  
LIST OF CODES AND CATEGORIES 
FROM DATA ANALYSIS USED TO 
DEVELOP THE THEORY OF 
COLLABORATIVE DECISION MAKING 
Theoretical Codes and Categories 
 
Contextual Conditions 
     Dynamics of Situation 
Typical Situation 
Atypical Situation 
     Heterogeneity of Work Units 
Spatio-Temporal Heterogeneity 
Procedural Heterogeneity 
Situational Heterogeneity 
Resource Heterogeneity 
Causal Condition  
     Dependencies 
Types of Dependencies 
Managing Interdependencies 
     Aligning Work Activities 
Synchronizing Actions 
Managing Temporality 
Making Informed Decisions 
Correlating Actions 
Synchronizing Decision Making 
Correlating Decisions 
Cohering Decision Making 
Synchronizing Perception 
Avoiding Misunderstanding 
Avoiding Surprises 
Integrating Viewpoints 
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     Keeping People in the Loop 
Modes of Interaction 
Anticipatory Interactions 
Reactionary Interactions 
Fitness of Information 
Form of Information Transfer 
Means of Information Transfer 
Timing of Information Transfer 
 
Modes of CDM Activity 
    Sequential Decision Making 
Notifying 
Requesting 
Acting in Response 
     Mutually Consented Decision Making 
Getting Approval 
Confirming 
 “working things between each other” 
     Manipulative Decision Making 
Bypassing Standard Procedure 
Working Around Authority 
     Emergent Decision Making 
“it purely depends of the situation” 
Making Tactical Changes 
Acting in Response 
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APPENDIX 13  
LIST OF SCENARIOS DEPICTING 
DIFFERENT SITUATION TYPES 
 
Situation Types Non-critical 
Situation 
Critical Situation 
Typical 
Situation 
(Anticipated) 
 
 Planned Aircraft 
Arrival 
 Planned Aircraft 
Take-off 
 Lighting Inspection 
 Engine Test Run 
 Conditional 
Clearance 
 Tight Spacing 
between Aircraft 
 High 
Traffic/Workload 
 Low Visibility 
Procedures 
Atypical 
Situation 
(Unanticipated) 
 
 Aircraft Pilot 
Calling Controller 
on Wrong 
Frequency 
 Delay in Aircraft 
Take-off 
 Departing Aircraft 
Returning to Stand 
 Slot Change for 
Departing Aircraft 
 Parking Stand 
Unavailable for 
Arriving Aircraft 
 Flight Plan 
“Dropped” Out of 
the System 
 Flight Progress Strip 
Unavailable 
 Helicopter Take-off 
 Controller forgetting 
to arrange gaps 
between arriving 
aircraft 
 Aircraft “straying” 
into wrong control 
zone 
 Missed Approach 
 Technical Problem in 
Aircraft 
 Technical Problem in 
Systems in the 
Control Centres 
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APPENDIX 14  
SNAPSHOT OF OBESERVATION DATA 
FROM FIELD-NOTE 
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APPENDIX 15  
SNAPSHOT OF OBESERVATION DATA 
FROM FIELD-NOTE 
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APPENDIX 16  
SNAPSHOT OF MEMO WRITTEN ON 
PAPER 
 
 
